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CHAPTER I 
THE PROBLEM DEFINED 
1. Purpose 
Statement of the problem.-- This problem is an attempt 
to determine whether significant differences exist in reac-
tion time, depth perception, and visual span of apprehension 
between groups of college varaity athletes, intermediate 
athletes and non-athletes, and to find the degree of rela-
tionship between these three psychological capacities and 
success in certain sports skills; namely: basketball, soccer, 
hockey, and baseball. 
Scope of the study.-- The reaction time, depth percep-
tion, and visual span of apprehension was measured in a group 
of 300 male college students at Boston University, and the 
writer has attempted to determine whether significant differ-
ences exist, in these psychological capacities, between non-
athletes, intermediate athletes, and varsity athletes. 
In addition, the relationship between reaction time, 
depth perception, visual span of apprehension, and playing 
skill in basketball, baseball, ice hockey, and soccer has 
been determined. It was necessary to administer certain 
sports skills tests to groups of varsity athletes and to 
gather certain specific game data in order that a fairly 
objective estimate of playing ability could be made. 
1. 
Graduate students were used to facilitate the gathering of 
these data. 
The gathering of all of the required data necessitated 
the acquisition of some psychological testing apparatus, a 
testing laboratory, and the construction of a test of visual 
span of apprehension. Also standard testing procedures were 
set up and a method of recording data was established. 
Justification for the stu4r.-- The need for psychologi-
cal studies in the field of physical education and athletics 
has been recognized by leaders in the field for some time. 
1/ 
As early as 1928, Coleman Griffith indicated the need of 
this kind of research in physical education when he wrote, 
"To know how to select from a dozen candidates the right man 
for the right place, to know how to plan a season, these are 
some of the things that belong to the psychological side of 
athletics.t' More recently, the Research Section of the 
American Association for Health, Physical Education, and 
Recreation announced that psychological research has lagged 
?J behind the importance of such work. Although considerable 
2 
psychological research has been carried on, many more studies 
are necessary before definite conclusions can be made and 
verified. 
1Jd. R. Griffith, fsxchologr ~!Athletics, Chas. Scribners' 
and Sons, New York, 1928, p. 
gjM. G. Scott, editor. Research Methods Applied to Health, 
Ph{sical Education and Recreation, AAHPER, Washington, D. c., 
19 9, P• 39. 
' 
' 
Investigations have been made of the relationships be-
tween athletic performance and such psychological capacities 
as intelligence, emotions, visual acuity, reaction time, 
reflex time, motivation, attention, muscular tension, and 
other factors. In many of these studies the writers were 
trying to develop an instrument which could be used to pre-
dict success in certain large-muscle activities. As stated 
1/ 
by DiGiovanna: 
3 
"or fundamental importance to any guidance program 
in physical education is a thorough knowledge of the 
factors that make for athletic success. Many elements 
are recognized as contributing to achievement in athle-
tic activities. If the entire gamut of these integrants 
could be measured objectively the results in their 
summation would indicate patterns or types of individuals 
who succeed or fail in athletics." 
The need for further study of the relationship between 
motor performance and reaction time, depth perception, and 
visual span of apprehension has been indicated by an investi-
gation into the literature dealing with these areas. The sig-
nificant results reported by some investigators in the areas 
of psychology, athletics, and aviation had encouraged the 
writer to begin this study. 
2. Delimitation 
The psychological capacity tests.-- Five tests were used 
in this study to investigate certain psychological capacities 
of male college students.. Three of the tests were reaction 
lfV· DiGiovanna, "The Relation of Selected Structural and 
Functional Measures to Success in College Athletics," 
Research Quarterly (May, 1943), 14:199. 
time tests, one was a test ~f depth perception and one a test 
of visual span of apprehension. 
The reaction time tests called for simple hand responses 
to visual stimuli. Depth perception was determined by a 
standardized instrument used by the various armed forces and 
visual span of apprehension was determined by tachistoscopic 
p~esentations of data. 
4 
The experimental groups.-- This study has investigated 
certain psychological capacities of three groups. One group 
consisted of 100 male athletes who had earned a varsity sports 
letter at Boston University or a neighboring college. This 
group is designated as the 'Athletic Group' and except for 
twelve varsity hockey players trom Tufts College, Northeastern 
University, Massachusetts Institute of Technology, and Harvard 
University, it consisted of lettermen participating on a var-
sity athletic team at Boston University. Another group, the 
'Intermediate Group,' was made up .of 100 male students at 
Boston University who participated in athletics in the Univer-
sity intramural program, in other recreational programs or as 
members of a varsity squad, but who had not been awarded a 
sports letter at Boston University or any other college. The 
third group, the 'Non-Athletic Group,' included 100 male stu-
dents who did not participate in any kind of athletics formally 
or informally, and who had not participated in the past, either 
' in college or in high school. Most of the non~athletes were 
' from the required physical education service classes. 
OHA.P'rER II 
REVIEW AND ANALYSIS OF RELATED RESEARCH 
1. Reaotion Time 
Definitions.-- Early investigations by psychologists 
proved that there is no such thing as a single reaction 
time. An individual has numerous types of reaction times 
depending upon many factors, such as, the kind and intensity 
of the stimulus, the sense organ being stimulated, and the 
response movement which the individual must make, and other 
factors. Reaction times may be classified as simple, disjunc• 
tive, and associative. For the purpose of this study it will 
be necessary to define only simple and disjunctive reaction 
times. 
11 Scott states: "Strictl1 defined, the reaction time is 
the time that elapses between the beginning of the stimulus 
and the beginning of the motor responses." She continues: 
"The time from beginning contraction to completion of move-
ment (in the reaction time experiment) defines speed of 
movement." While the former may be a definition of true 
reaction time, it would be extremely difficult to measure 
the beginning of a motor response. Moat experimenters have 
made use of some kind of motor performance in determining 
!/Op. cit., P• 287. 
5 
length of reaction time. The most common type of response 
has been some kind of S·imple finger or hand movement, depend-
ing upon the kind of reaction time (simple or disjunctive). 
1/ . 
Woodworth states: "A complex movement, even though well 
6 
prepared, gives a relatively long reaction time." This would 
seem to indicate, to this writer, that the motor response, 
which the subject has to carry out, should be a simple re-
sponse needing very little practice, and should not be of 
long duration. The reaction time procedure for this study 
has been set up with this factor in mind. 
Simple and disjunctive reaction time.-- As stated pre-
viously, this study is concerned with both simple and disjune-
. 2/ 
tive reaction time. Woodworth defined simple reaction time 
as "a single stimulus and a single response." The writer 
could find little disagreement with this definition in the 
literature, and therefore uses it in this study. 
21 
Disjunctive reaction is defined by Woodworth as 
follows: 
"The disjunctive reaction is an either-or affair, 
There.are two or more alternative responses and each 
must be made to a prescribed stimulus. 'Reaction with 
discrimination and choice' is another name for the 
same thing." 
!/R. S. Woodworth, Experimental Psycholog.y, Holt and Company, 
New York, 1938, p. 329. 
2/Ibid., p. 329. 
2_/Ibid., P• 329. 
7 
Choice and discriminatory reaction time.-- To distinguish 
between two different disjunctive reaction times the writer has 
taken the liberty of calling one n choice reaction timen .and 
the other, "discriminatory reaction time." "Choice reaction 
time" is defined, in this study', as the choice between m 
alternative responses to two prescribed stimuli. "Discrimina-
tory reaction time" is defined as the choice between three 
alternative responses to tnree prescribed stimuli. 
The literature indicates that there is a positive rela-
tionship between simple reaction and disjunctive reaction 
. !/ 
time. · Woodworth reports a correlation of only+ .30 to+ .50 gj. . 
between these two measures while Goldfarb found a much 
higher correlation ranging from +.867 to+.945. In reviewing 
17 correlations by Perrin, Kennedy', Siak, and others, Goldfarb 
found a correlation between simple reaction time and choice 
reaction time to a visual stimulus ranging from+ .27 to i" ,64 
with a mean correlation of+ ·"· 
EarlY inyestigations bx ~sxchologists.-- Some of the 
earliest experimentations with reaction time and its relation 
21 
to athletic skills was reported by Coleman Griffith in 1928. 
!fOp. cit., P• 337. 
g.Jw. Goldfarb, Investigation ot Reaction Time in Older Adults, 
Unpublished Doctorate Thesis, Teachers College, Columbia 
University, New York, 1941. 
l/0~, cit., p. 153. 
8 
However, reaction time experiments in the field of psychology 
. !/ 
precede Griffith's work by at least 75 years. Woodworth in 
reviewing the work in this area, gives credit to Helmholtz as 
being the inventor of reaction time experiments about 1850. 
Most ot the early reaction ttme experiments were carried on 
in the European and later the American psychological labora-
tories and Woodworth's treatise is an excellent review and 
analysis of methodology and instrumentation used by reaction 
time investigators from about 1850 to the middle 1930's. 
gj 
Rtaction time and motor performance.-- Griffith . was 
one of the first psychologists who attempted·to discover if 
reaction time had any significant relationship with athletic 
ability. He found that the fastest men on the Illinois 
athletic teams were twice as fast as the slowest men. 
Griffith states: 
"J. tact ot this kind first appears disastrously 
when one quick reaction in an otherwise slow line 
outcharges the rest and gives his team a penalty tor 
being offside. The same fact becomes an advantage in 
boxing, in batting, and like skills." . 
ll Miles in 1931, also conducted some reaction time 
experiments on football players. He devised a chronograph 
which recorded the reaction times of seven men at once, and 
!fOR. cit., P• 299. 
g/Op. cit., P• 157. 
2~· R. Miles, "Individual and Group Reaction Time in Football 
Charging," Research Quart.erlx, (October, 1931), 2:5-13. 
9 
which measured the men under conditions very nearly resembl~ng 
those of' actual pl&J. Miles reported a considerably longer 
1./ 
reaction time (average 389 maeo,) than that reported by 
psychologists using a hand response· key. This was probably 
due to the complicated muscle response called for in Mile's 
experiment which required a tall body movement by the subject. 
Miles indicated that there seemed to be a high degree of' rela-
tionship between reaction time and efficiency in certain foot-
ball skills. No correlations are reported by Miles to support 
his conclusion. 
Workig' with reaction time in track athletes, Westerlund 
and Tuttle in 1931, found a correlation ot+.863 between 
simple reaction time and time for running 75 yards. For deter-
mining reaction time they used a finger response which consisted 
ot the subject pressing down on a telegraph key with his index 
finger at the presentation of a stimulus. Although this study 
was made on only 22 cases the correlations are high enough to 
indicate a definite positive relationship between reaction 
time and time for running 75 yards. In 1932, Lautenbach and 21 . 
Tuttle reported a correlation or+ .815 between reflex time 
l]Msec. • Milliseconds 
g/J. H. Westerlund and W. W. Tuttle, "Relationship Between 
Running Events in Track and Reaction Time, rt Research Quarterly 
(October, 1931), 2:95-100. 
l/R. Lautenbach and w. w. Tuttle, "Relationship Between Reflex 
Time and Running Events in Track," Research Quarterly (October, 
1932), 3:138-143. 
10 
and speed of sprinting, seemingly indicating a direct rela-
tionship between reflex time and running speed. Other studies 
seem to bear out the findings by Tuttle. 
1/ 
Pfitsch in comparing the reaction time of athletes and 
non-athletes, found that the athlete was slightly superior in 
the movement of hand and significantly so in the movement of y 
the body. Beise and Peasely in a study of college women 
reported faster and more stable reaction time readings in a 
skilled group of archers, golfers, and tennis players than in 
an unskilled group definitely below average in physical per-
l/ 
formance. Keller used 359 athletes and 275 non-athletes 
and compared them in terms of "quickness of bodily movement." 
The athletes were significantly faster than the non-athletes. 
Keller indicated that a group of baseball, basketball, foot-
ball, and track athletes had a quicker reaction time than a 
group of gymnasts, swimmers, and wrestlers. No significant 
differences were found between the sports within each of 
these two groups. Keller reports an average correlation of 
.54 between reaction time scores and coaches ratings on 
i/J. P:titsch, An Experimental S!tudy of the Use of Simple 
lreaction and Coordination Tetts on Athletes and Non-Athletes, 
Unpublished Master's Thesis, University of Kansas, 1942. 
g/D. Beise and v. Peasely, "The Relation of Reaction Time, 
Speed, and Agility of Big Muscle Groups to Certain Sports 
Skills," Research Quarterlx (March, 1937), 8:133-142. 
J./L. F. Keller, "The Relation of 'Quickness of Bodily Move-
ment' to Success-in Athletics," R!search Quarterlx,(M~, 
1942), 13:146-155· - . 
-. 
:1:1 
11 
athletic ability. Burley.. also reports a significant dif-
ference between the reaction time scores of athletes and non-
athletes. He found that in a group of college athletes the 
baseball and basketball players were significantly faster 
than football linemen, foot~all backs, swimmers, high school 
letter winners and high school non-letter winners. Further 
investigation into the differences in reaction time between y 
athletes and non-athletes was made in 1951 by Cureton, who 
reported that "there is conclusive evidence that athletes in 
general have faster reaction time in the Jump reaction time 
test (a -tull body move~ent) than non-athletes." Cureton also 
reports, in the same study, that track and field athletes 
averaged the fastest reaction time in a group of track men, 
swimmers, divers, and gymnasts. The swimmers and divers, a 
group of Olympic men, were the slowest of the athletes, but 
considerably faster than a group of non-athletes. Investiga-
ting the relations~ of reaction time to general athletic 
ability, Friedman, in 1947, using a full body movement as 
a measure of reaction time and the Cozens Wet-Weather Test 
as a measure of general athletic ability, reported a low 
l/L. R. Burley, "A Study of the Reaction Time of Physically 
Trained Men," Research iuarterlx (March, 1937) , 8: 133•142. 
lJT. K. Cureton, Jr., PhYa1cal. Fitness of Champion Athletes, 
The University of Illinois Preas, Urbana, 1951, p. 102. 
2/J:. D. Friedman, The Relationship of Reaction Time to 
General Athletic Ability, Unpublished Master's Thesis, New 
York University, 1937. 
12 
positive relationship between reaction time and general athle-
tic ability. 
As indicated by Griffith and many others, it is generally 
believed that a fast reaction time is important to success in 
!I batting in baseball. Winograd, however, using Keller's 
"quickness of bodily movement" test as a measure of reaction 
time disclosed no significant relationship between batting 
average, slugging average, runs batted in, and reaction time. 
He did find that varsity baseball players had faster reactions 
than a group of non-athletes. 
AnalYsis of reaction time experiments.-- An investigation 
of the reaction time exper1111ents in the field of athletics 
indicates that differences between skilled performers and non-
performers in certain kinds of reaction time are significant. 
The differences between the groups of skilled athletes are 
not as well defined, and before any standards can be estab-
lished for various sports, more research is needed. The rela• 
tionship between reaction time and success in specific athle-
tic skills is not definite. Although some studies indicate 
a positive relationship between the two, more objective methods 
of determining athletic success need to be utilized. 
jjl. Wino.grad, "The Relatiouhip of Timing and Vision to 
Baseball Performance," Research Quarterly (December, 1942), 
13:481-493. 
_13 
2. Depth Perception 
Definitions.-- "Depth perception may be defined as the 
ability to appreciate or discriminate the third dimension, 
to Judge distance, and to orient oneself in relation to other 
. !/ 
objects within the visual field." 5./ . 
Sir John Parsons, in an analysis of depth perception, 
states: 
"The perception o:t depth and· distance in man is 
rendered possible by the cooperation of many factors, 
ot which binocular vision is the most important. 
Others include parallex, aerial perspective, size of 
familiar objects, shadows, etc. Hence we may conclude 
that those animals which do not possess binocular 
vision must possess very poor perce~tion o:t depth." 
In the present study the writer has defined depth perception 
as "the ability to Judge distance of objects by binocular 
vision, without the aid of aerial perspective, size of 
familiar objects, shadows, etc." 
Depth perceRtion ~ motor performance.-- In 1931, 
Banister and Blackburn investigated the relationship be-
tween inter-pupillary distance and ability of athletes at 
Cambridge University. They concluded that inter-pupillary 
l/H. G. Armstrong, Principle! and Practices of Aviation 
Medicine, Williams and Wilkins Companr, Baltimore, 1939, p.7l. 
g/Sir John H. Parsons, An Introduction to the Theory o:t Per-
ception, MaCMillan Company, New York, 1927, p. 154 • 
.l/H. Banister and J. M. Blackburn, "An Eye Factor Affecting 
Proficiency at Ball Games," British.Journal of Psychology 
(October, 1931), 21:382-384. 
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distance has some significance in ability to strike a ball. 
They suggested that better stereoscopic vision might be the 
reason. The authors readily admitted the inaccuracies in 
their study. 
!/ Clark and Warren, in 1935, studied the depth percep-
tion of 456 unselected men and 39 athletes at the University 
of California. They found no significant differences between 
the two groups and concluded that either depth perception is 
2:.1 
relatively unimportant in athletics or that the Howard-Dolman 
instrument, t:~,S they used it, does not give an accurate measure 
of depth perception. The Howard-Dolman instrument, used 
extensively by the u. s. Army and Navy, consists of a box with 
a small window at one end. Inside the box are two black ver-
tical rods, one movable and one fixed. By manipulating two 
strings the subject, seated twenty feet away, attempts to 
place the movable rod besid~ t~e fixed rod. His score is the 
number of millimeters the movable rod is from the fixed rod. 
Usually three trials are averaged to get a person's depth 
perception. 
It would seem from the relatively few studies investi-
gating depth perception in athletics that there would be 
liB· Clark and N. Warren, .,Depth Perception and Interpupil-
lary Distance as Factors in Proficiency in Ball Games," 
American Journal of Psycholog.y (July, 1935), 47:485-487. 
1/H. J. Howard, "A Test for the Judgment of Distance," 
A&er1can Journ&l.of Optb&lmologr (September, 1919) 656-675. 
:15 
little if any relationship between the ability to discriminate 
distance of objects and motor performance. However, the most 
extensive studies in this visual ability have been conducted 
in the field of aviation and their findings warrant further 
. !I . 
investigation. Armstrong, in writing on depth perception 
says: 
"It is evident that this faculty is required to a 
high degree in aviation because upon it depends the 
ability of pilots to avoid obstacles, to land properly, 
and to fly in formation with other aircraft." y 
Millis also believes in its importance when he states: 
"Depth perception, in addition to analytical observation of 
the student, is a distinct aid in the selection of students 
for flying training and their subsequent gunne7 training." 
2 -
Although students had to average below 30 mm. in five trials 
on the Howard-Dolman instrument, Millis found that the best 
!J.I gunners averaged below 15 mm. Barr states: "Good landings 
depend upon good depth perception.,. The importance of depth 
perception to flying ability is further substantiated by 
5./ §./ 
Bauer and by Kafka. 
iJo;, cit., p. 71. 
yJ. W. Millis, "Depth Perception as an Aid in the Selection 
of Fighter Pilots," Journal ot Av1ttion Mediqine (October, 
1944), 15:328·339. 
l/mm. • Millimeters. 
!/E. s. Barr, Flying Men md Medicine, Funk and Wagnalls Com-
pany, New York, 1943, P• 55. 
5/L. H. Bauer, Aviation Medicine, Oxford University Press, 
New York, 1943, p. 555 • 
.§jM. M. Kafka, "Military Pilot's Vision, 11 New York Medical 
Record (May, 1942), 155:339-340. 
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The research workers in the field of' aviation are not 
all in agreement, however, in the belief' that !jPth percep-
tion is important to flying ability. Nicholls in an inten-
sive review ot the literature disagrees with the above writers. 
He notes as follows: 
"To this point a great mass of' data has been re-
ported and commented upon. The matter may be summa-
rized by stating that little sound· evidence has been 
found to prove that heterophoria (muscular unbalance) 
Jnd stereopsis (depth perception) have any close rela-
tionship to flying iertormance, with special reference 
to landing ability. 
Nicholls, however, does not altogether rule out depth 
perception when he states: 
"Since the monocular oluea to depth depend for 
their. interpretation upon experience it would not be 
surprising if, in the earlr hours of flying training, 
pilot trainees were heavily dependent upon the more 
physiologic binocular clues to depth." 
The importance of depth perception to other motor skills y 
has been noted. Kuhn, investigating depth perception in 
industrial occupations, says: "Good stereopsis and muscle 
balan~e are important for crane operators, electric truck 
operators, men on scaffoldings, but is of' no particular 
21 importance to hand labor." Davidson suggests that 'normal' 
jJJ. v. v. Nicholls, "The Relationship of Heterophoria to 
Depth Perception in Aviation." Aaerican Journal of' OpthaJ.mo-
l!SI. (October, 1950), 33:14974!!"1515. 
g/H. s. Kuhn, Industrial Opthall.o1ogy, c. v. Mosby Company, 
St. Louis, 1944, p. 46. 
2JM. Davidson, "Stereoscopic Vision in Industry," New York 
Journal ot Medicine (May, 1942), 42:1441-1444. . 
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depth perception is required by crane operators, workers on 
elevated structures, machinists, carpenters, cutters in garment 
factories, and others. 
' AnalYsis of experiments on depth perception.-- The impor-
tance of depth perception to ditterent types ot motor skills 
in aviation and industry has been suggested, although the 
evidence is not conclusive. Its relationship to athletics 
has never been established conclusively so that an investiga-
tion into this area seems warranted. 
3. Visual Span or Apprehension 
1/ 
Definition of span of apprehension.-- Whipple describes 
'range of visual attention• as the number of ·impressions which 
stand out clearly in a single ~pulse' or attention. He des-
cribes 'visual span of apprehension' as the capacity to appre-
hend a number of disparate obJects by visual examination during 
a short period. Whipple admits that the teats he used for 
'attention' and 'apprehension' vary only in degree. Many 
experimenters who followed 1hipple have used his test tor 
'range ot attention' to measure 'span of apprehension.• Dal-
'i:./ lanbach in reviewing experiments in apprehension states, 
"the experiment heretofore designed to measure the range of 
!/G. M. Whipp.le, Manual of Ht:P.ttl gd P~ysicf. Tests, Warwick 
and York Company, Baltimore, 192 , p. 2 3-27 • 
gJK. M. Dallenbach, .,Appraisal of Oberly's Experiment," 
4merican Journal ot PsxchologY (March, 1925), 36:154-156. 
i8 
attention has been measuring the range of apprehension." 
This study will use the following definition because it 
seems to be one which meets with the approval of most recent 
experimenters. "Visual span of apprehension is the number or 
range of objects, letters or words that can be recognized, in 
a single fixation of the eye, well enough to permit immediate 
report on what has been seen." 
Some preyious experimentation in span of apprehension.--
Many experiments have been carried on investigating span of 
apprehension. These were first inspired by the philosophical 
question whether the mind could apprehend more than one object 
ll 
at a time. Woodworth reports that one of the earliest span 
experiments was made in 1871 by W. s. Jevons, who determined 
his "span of apprehension" by throwing a quantity of beans 
into a box and estimating their number without hesitation. He 
recorded his estimation and the actual number by counting. 
Jevons found his range to be approximately 9 beans. He was 
able to estimate correctly that mimber of beans at least 50 
per cent of the time. Jevons' experiment was crude but it 
did show how the span of apprehension might be measured. 
The development of the tachistoscope, an instrument which 
presents stimuli at a timed exposure, took much of the inac-
curacy out of the span experiments. Developed first for the 
purpose of discovering how brief a stimulus could arouse 
visual sensation, it was adapted by Cottell, about 1885, for 
!fOp. -cit., P• 685. 
i9 
use in span experiments. These first instruments were fall 
tachistoscopes in which a screen containing a window first con-
ceals a card behind it, then, in descending, exposes this card 
through ~he window and conceals it again. Later, more satis-
. ;!/ 
factory tachistoscopes were devised. Whipple describes a 
';;./ 
disc tachistoscope which he 
2.1 
and others, including Tinker and 
Judd, used for measuring visual attention and visual appre-!!/ . 
hension. Dodge, in 1907, introduced a transparent-mirror 
tachistoscope which was used extensively by Glanville and 
~ §./ 
Dallenbach, Fernberger, and others. More recent experi-
menters have used some type of lantern slide projector, with 
either a camera shutter to time the exposure, as described 
11 by Eames, or a revolving disc in front of the lens as 
1/0p. cit., P• 265 
g}M. A. Tinker, et al, "Definite and Indefinite Preparation 
in the Visual Apprehension Experiment," American Jourpal of 
PsYchology (January, 1930), 42:96-100. . 
2/D. B. Judd, "Span Apparatus," American Journal of Psychol-
~ (January, 1927), 38:107-112. . 
!±JR. Dodge, "An Improved Exposure Apparatus," Psychological 
Bulletin (January, 1907), 4:lo-13. . 
2/A. D. Glanville and K. M. Dallenbach, "The Range of Atten-
tion," "friean Journal of lsxQQology, (October, 1929), 
41:577-59 • . 
.§./S. W. Fernberger, tt A Study of the Range of Visual Apprehen-
sion," Ameritan Journal of Psxcholo& (January, 1921), 
32:121-133. 
VT. H. Eames, "A Study of the Speed of Word Recognition," 
Journal of Educational Research (November, 1937), 31:181-186. 
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!/ described by Newhall. The instrument suggested by Eames, 
is a relatively simple arrangement, arid has been used in this 
study. 
The span or apprehension tor d9tg.-- With the development 
or more accurate instruments, a great deal or psychological 
research was done with span of apprehension. Moat of the 
experimenters have used, as stimulus objects, distinct black 
dots scattered haphazardly over a white background and exposed 
for a period of 100 to 200 msee. Results of these studies 
showed th$t individual spans differed for number of dots 
apprehended all the way from six to eleven, and each 1ndivid-
Y 
ual varied from trial to trial about his own avera!e span. 
Most psychologists agree that individuals do not always 
apprehend dots individually, but sometimes b7 "grouping" or 
21 . 
apprehending by twos, threes, etc. Oberly distinguished 
between three types of conscious patterns which form the 
basis for reporting the stimuli perceived by the subject. 
These three patterns Oberly classifies as (1) immediate, 
(2) grouping, and (3) countiDS, and reports that a combina• 
. • !I 
tion of all three results in the largest span. Woodworth 
reports that when dots are objectively grouped on the stimulus 
1/s. M. Newhall, ••Tachistoscopic Projector," .American Journal 
of Psychology (September, 1936), 48:501-503. 
g!R. S. Woodworth, Dp. cit., p. 690. 
~;e:;n~~=~:f•.;;~~c!n~;~~v;;u;!x!~~~~!;o(J~~~ii~~4~,and 
35:332-352. 
!/Op. cit., P• 690. 
cards, the subjects task is easier and his span greater. A 
haphazard arrangement of dots would therefore. seem to be 
indicated when setting up a span experiment. 
Variability of span•·-- A review of span experiments 
indicates that the variability of the span of apprehension 
has been often emphasized. The span varies not only between 
individuals but within the same individual, depending upon 
!I 
many internal and external conditions. Woodworth reports 
that span varies "with internal conditions such as the dura-
tion of after-images, the momentary alertness of the individ-
ual, and his set and attitude." It varies with external con-
ditions such as the arrangement of dots (grouping into familiar 
or unfamiliar patterns) by the length of the foreperiod and 
the length of exposure time. The duration of exposure must 
be long enough to afford a clear view of the field, yet short 
enough to prevent the subJects from getting two views. Wood-
i/ 
worth recommends that the exposure time be 100 msec. or less. 
However, many span experiments have used a longer period of 
~/ 
time than the 1/10 second recGilm.~nded by Woodworth. Taves, 
lfOp. cit., p. 693. 
y'~., p. 688. 
2/E. H. Taves& "Two Mechanisms for the Perception of Visual 
Numerousness, Archives of Paychology (September, 1941), 
37:1-47. 
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!I y 
Saltzman and Garner. Kaufman and Lord used exposure times 
. ll 
of 200 msec. or longer. Dixon found that eye movements are 
precluded or are not effective with exposure times trom 100 
to 300 maec. 
The span varies with the amount of information that must 
be given by the subject. It aore information than the number 
ot exposed objects is demanded. the span will be smaller. 
!I This vas shown by Glanville and Dallenbach. 
Although the length ot the toreperiod, the time elapsing 
between ready signal, and the presentation ot the exposure has 
varied in the span studies, the optimal time favored by most 
experimenters has been two seconds. This length of foreperiod 
has also been found to be the optimal time between the 'ready' 
signal and the presentation of stimulus in reaction time expeP-
iments. It seemed, therefore, to be justifiable to use a two 
second toreperiod 1n the span test in this study. 
I/f. 5. Saltzman and w. R. Garner, "Reaction Time as a Mea• 
sure of Span or Attention." Jovnal or Psychology (January, 
1948), 25:227-241. 
g/E. L. Kaufman, M. W. Lord, et al., "The Discrimination of 
Visual Number," American J ou.rpal. of Parcholo& (October, 1949) , 
62: 498-529. . ' 
l/J. c. Dixon, "Effect ot Exp~ure Time on Perce~tion of 
Grouped Digits," 4aer1ca; JqytRal or Psychology {July, 1948), 
61:396-399. 
!/Op, cit., P• 580. 
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Span of apprehension pd llQtor performance.-- Consider-
1/ ~~ 21 
able research has been done by Eames, Sutherland, Knehr, 
!±/ 
Tinker, and others to determine the relationship between 
5./ . 
span and rate of reading. Flanagan has reported experiments 
investigating the effect of span training on the proficiency 
of identifying aircraft. 
Nowhere in the literature did the present writer find 
~ study which investigated the relationship between span 
. §.! 
and motor skills. Scott suggests that the study of span 
of apprehension may have impl1oations for athletics. 
It does seem logical, to this writer, that this area 
should be investigated. The athlete is often called upon to 
make snap Judgments in game situations and his response is 
determined both by his ability to apprehend certain stimuli 
which appaar in his visual ramge and his ability to compre-
hend what he has seen. 
jjT. H. Eames, "A Study of the Sfeed of Word Recognition," 
Journal ot Educational Research November, 1937) 31:121-133. 
~/J. Sutherland, "Relationship Between Perceptual Span and 
Rate of Reading," J ogrp.al of lclucational Psychology ( Septem-
ber, 1946), 37:373-3 o. 
lfC. A~ Knehr, ~Effects of Monocular Vision on Measures of 
Reading Efficiency and Perceptual Span," Journal of Exper1• 
mental Psrchologr (July, 1936), 29:133•154. 
4JM. A. Tinker, "Visual Apprehension and Perception in 
!leading," Psychological Bullet ill (April, 1929), 26:223-240. 
5./J. C. Flanagan, The Ay1at1op PsychologY Program in the 4rmx 
Air Forcet, Army Air Forces Aviation Psychology Prou-.m, Re-
search Report Number One, U. S. Government Printing Office, 
Washington, D. c., 1948. 
2/0p. cit., p. 279. 
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4. Athletic Koto~ Skills Tests 
Measur~aent ot athletit IQ1litx.-- Athletic motor skills 
teats are of two types; the achievement tests and the claaai-
fication tests. An achievemeDt teat u~ally contains all 
the skills which constitute the aport. Classification tests, 
because of duplication of the basic elements among skills in 
the same sport, utilize only a tew skills topredict pertorm-
ance in total skills ability. Boat of the skills tests 
developed in ~he field of pbJsical education are of this 
latter type. 
Since one of the purposes of this study is to investigate 
the relationship between reaot1on time, depth perception, span 
of apprehension and athletic ability, it becomes necessary to 
choose teats which would measure ability in the spo~ts chosen, 
namely: soccer, baseball, baeketball, and hockey. 
Boeger testa.-- .An inveat1~ation as to present soccer 
teats revealed that most of the tests have been conducted on 
11 
college women. Vanderhoof designed a test containing ten 
items: (1) dribble, (2) trapping, (3) throw-in, (4) place 
kick, (5) drop ball, (6) volleyball, (7) throw down, (8) tack-
ling, (9) corner kick, and (10) goalkeepers teat. The test, 
designed to increase the influence of soccer instruction, 
made no attempt to validate the items. 
i)M. Vanderhoof, "Soccer Skills Test," Jopl of Htflth and. 
PbJsical Education (October, 1932), 3:54-S:: 
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ll ' Heath and Rogers designed a soccer test for boys and 
girls in grades five and six. The final teat contained four 
items: (1) dribble, (2) throw-in, (3) place kick for goal, 
and (4) kicking a rolling ball. Cozens, Cubberly, and Niel-
gj - ' 
son. have worked out achievement scales for women on the 
senior high school and college level on the following soccer 
items: (1) dribble, (2) left foot pass, (3) right foot pass, 
(4) place kick for accuracy, (5) place kick for distance, 
(6) punt for distance, and (7) throw-in for distance. Hallo-
w~ also has developed a classification test of four items: 
(1) heading, (2) kick, (3) dribble, and (4) throw-in. 
Since none of the published tests seemed desirable for 
this particular study, because they had been developed for 
women or because of the difficu~ of administering certain 
of the items, a new soccer test was developed containing 
the following items: (1) distance kick, (2) obstacle dribble, 
(3) place kick for accuracy, and (4) goal kick for accuracy. 
These skills had been listed as important basic skills of 
soccer and could be measured fairly accurately. 
jjM. L. Heath and E. G. Rodgers, "A Study in the Use of Know-
ledge and Skills Tests in Soccer, 11 Research Quarterly (Decem-
ber, 1932), 3:33-53. 
2/F. W. Cozens, H. J. Cubberly, and N. P. Nielson, Achievement 
Scales in Pbysical Education Activities for SecondarY School 
Girls and College Women, A. S. Barnes and Company, New York, 
1937. 
J/T. F. Holloway, The Learni~ 9f Big Muscle Skills in Soccer, 
Unpublished Master's Thesis, pringfield College, 1929. 
!fL. W. Posson, 4 Study of the Correlation Between Certain 
Innate Capacities and a Soccer Skills Test, Unpublished 
Master's Thesis, Boston University, 1952. 
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Baseball skills tpata.~ One ot the first teats of base-
.. . !I 
ball skill was done by Ro488ra and Heath. Five skills were 
selected as being important skills in playground baseball. 
These were: (1) pitching, (2) batting, (3) fielding a fly 
ball, (4) fielding grounders, and (5) hit and run. This 
study was made on boys in grades five and six and did not 
2/ 21 
seem applicable to college baseball. 
!J.I 
Hartley, Palmer, 
and Brace have conducted experiments in throwing tor 
accuracy and distance. 
5I Wardlaw suggests that a baseball skills test would 
include throwing, pitching, batting, and a combination throw-
ing catching element. 
Other methods of measuring ability in baseball have been 
used tor years 1n organized leagues. These include such mea-
sures as batting average, runa batted in during a season, and §/ 
fielding average. Winograd used batting average, slugging 
IJE. G. Rodgers and M. L. Heath, "An Experiment in the Use of 
Knowledge and Skill Tests in Playground Baseball," Reeeareh 
Quarterlx, (December, 1931), 2:113-131 • 
.£/G. Hartley, "Motivating the Physical Education Program tor 
High School Girls," Ameriean Jkysical Education Review (May, 
1929), 34:284. . 
2/G. E. Palmer, Bateball tqr Girl! and Women, A. s. Barnes 
and Oompa.ny, New York, 1929 • 
.!fD. K. Brace, Measuring Motor Ab111tx, A. s. Barnes and 
Company, New York, 1927. 
5/0. D. Wardlaw, Fund.Motalt of Bueball, Qhas. Scribner' a 
· Sons, New York, 1930. 
2/0p, cit., P• 485. 
average and runs batted in to determine the relationship of 
timing and vision to baseball performance. He reported no 
significant correlations between the visual factors and the 
skills measures. 
An analysis of the available measures of baseball ability 
revealed that no test was available for measuring college men, 
1/ 
the group being tested in this study. A baseball test- was 
developed for the purpose of this study using the following 
items: (l) throw for accuracy, (2) throw for distance, and 
(3) base running speed. In addition to these items, the test 
included two measures of game performance, batting average, 
and fielding average. 
Ice hockey skills tests.-- No athletic skill investigated 
showed such a small amount of research as did the area of ice y 
hookey. Brown presents an ice hookey test for college women, 
but this test was not suitable for use with college men. The 
complexity of the sport makes it extremely difficult to con-
struct a skills test which would measure hockey ability. UnM 
doubtedly, a hookey test can be constructed, but time and 
facilities were lacking, so for the purpose of this study, 
another measure of playing ability was used. 
The writer limited his group to hockey forwards only and 
used as an index of ability the number of goals and assists 
made in league games during the regular season. This same 
!JR. T. Wescott, A Study to Determine the Relationship Between 
Baseball Ability &ng Reaction Time, Deptg Percevtion, and 
Visua1 Span of Apprehension, Unpublished Master s Thesis, 
Boston University, 1951. 
£/H. M. Brown, "The Game of Ice Hockey," Journr. of Health 
and PhYsical Education (October, 1932),- 3:54-5~ 
measure is used in both amateur and professional hookey to 
rate players according to their offensive ability. 
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Basketball skills,-- Both skills tests and rating scales 
have been used extensively in physical education to measure 
1/ 
basketball ability of men and women. Edgren's study in 
1931 was one of the first basketball ability tests. Edgren 
recommends the following itema: (1) speed pass, (2) accuracy 
pass, (3) speed dribble, (4)·dribble and shoot, and (5) ball 
handling. Other tests similar to Edgren's were those devel-
Y ll !/ 
oped by Friermood# Money, and Brace, One of the most 
51 
extensive tests was developed by Johnson at the University 
of Iowa. Johnson investigated 19 test items and fina~ly 
reoommended the following three: (1) shooting, (2) accuracy §./ 
pass and (3) speed dribble. A test developed by Knox had 
l/ii. D. Edgren, nAn Experiment in the Testing of Ability and 
Progress in Basketball," Reeearch Quarterly {March, 1932), 
3:159•171. 
2/H. T. Friermood, "Basketball Progress Tests Adaptable to 
cr1ass Use," Journal of Health and Physical Education (January, 
1934), 5:45-47. 
l/0. v. Money~ "Tests for Evaluating the Abilities of Basket-
ball Players, Athletic JoU£D&l (December, 1933), 15:18-19. 
~. K. Brace, "Testing Basketball Technique," Americtp Physi-
cal Education Reyiew (April, 1924), 29:159. 
5/L. W. Johnson, Objective Ba!kttball Teets for High School 
¥9~4: Unpublished Master's Thesis, State University of Iowa, 
6/R. D. Knox, A 'lest of BaaketttaJ,l Ab1litx., Unpublished Mae:..., 
ter's Thesis, University of Oregon, 1938. · 
.•. 
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been used in previous studies at Boston University. This test 
contains four items, namely-:, ( l) dribble speed teat, ( 2) drib-
- . 
ble and shoot, (3) vall bounce, and (4) penny-cup reaction 
test. 
Other basketball tests would have been suitable, but the 
Knox test was finally chosen for this study because of its 
ease of administration and ease of scoring. 
OH.AlftR III 
METHOD OF PROCEDURE 
1. The Study lopulation 
Introduction.-- Three buadred male college students, 
with ages ranging from 17 to 26 years, were measured for 
reaction time, depth perception, and span of apprehension. 
or these 300 students, all bat 12 students came from the 
Boston University student population. The 12 exceptions were 
varsity hockey players from neighboring colleges. 
All of these students who participated in the study did 
so voluntarily. Aa a result the writer felt that the parti-
cipants, in showing enough interest to volunteer an hour of 
their time for taking the testa, were motivated to do their 
best. 
The criteria groups.-- The purpose of the study, as 
stated, was to determine if iil.dividuals who had successfully 
participated in college athletics differed in certain psycho-
logical capacities, from indivi4uals who had not participated 
in athletics in college or elsewhere. The writer was also 
attempting to determine if differences existed between success-
ful athletes and individuals who participated in athletics but 
were not successful to the extent of the former group. 
To investigate differences of test behavior it became 
necessary to determine who should be included in the three 
groups to be compared. The three groups needed to be defined 
before any subjects could be selected. 
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The athltt1c srouP•-- A successful athlete could be 
defined in many ways but for the purpose of this study the 
writer haa considered an athlete auccuaful if he had been 
awarded a letter in an intercollegiate varsity aport such as 
football, basketball, hockey, baseball, track, and soccer. 
The writer felt that any individual receiving such an award 
at Boston University, or at one. of the neighboring large 
colleges, could be considered a successfUl college athlete. 
The writer used 100 male students, who qualified by the 
above definition, in the athletic group. 
The *ntermadiate athletic I£OUR·-· An intermediate ath• 
lete was defined, by the writer, as any student who partici-
pated on one of Boston University's intercollegiate athletic 
teams, on the University intramural program, on some non-
professional team such as a church or club group, or informally 
for recreation, but who had never been awarded a letter in a 
varsity college sport at Boston University or an:~ other col• 
lege. 
One hundred students were selected for the intermediate 
group. 
The non• athletic group.-- For the purpose of this study, 
a non-athlete was defined as SDJ student who had never parti-
cipated formally or informally in athletics of any kind, ex-
cept the required phJsical education classes in high school 
or in college. 
One hundred students were included in this group. 
Secyrisg the studx ROPU1ation.-- All of the 300 students 
included in this study, were contacted by the writer personally. 
The writer would briefly present his problem before such groups 
" 
as physical education service classes, athletic squads, and 
fraternity groups, etc. The writer stressed to the groups 
that the teats were voluntary and that only those qualifying 
by the definitions could be included. Little difficulty was 
met in securing a test population of 300 students to take the 
three psychological capacity tests. The testing of this 
number of students did, however, extend over a period of four-
teen months, from February, 1951 to April, 1952. 
2. Reaction Time 
Reaction time apparatus.-- The instrument selected for 
1/ 
measuring reaction time was the Stoelting Visual Reaction 
Timer. Plate Number 1 shows the reaction time instrument in 
operation. It consists of a control cabinet, a reaction key-
board, and a stimulus source. 
Plate 1. The Stoelting Reaction Timer Being Used to 
Measure Reaction Time 
1/C. H. Stoelting Company, 424 North Homan Avenue, Chicago 24, 
Illinois. 
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The control cabinet is an 8 by 10 inch steel box contain-
ing the relay switches, timer, etc. On the face of the box 
is a 3i inch chronoscope marked off in units of 0.01 seconds; 
a three point selective key awitch which corresponds to the 
three telegraph keys on the reaction key board; a three point 
selective key which controls the three lights in the stimulus 
source. There are on the face of the cabinet, two other 
switches, the master switch which starts the timer and pre-
sents the stimulus, and the On-Off switch. On top of the 
control cabinet is a push-button switch which returns the 
hands of the chronoscope to zero after each trial. 
There are two outlets connected to the back of the con-
trol cabinet. One of these, a double cord, connects the 
cabinet with the light source and the key board. The other, 
a single cord, connects the instrument to an electrical out-
let in the room. 
The reaction time keyboard consists of three telegraph 
type keys mounted on a 6 by 13 inch wooden base. The keys 
are numbered 1, 2, and 3. 
The light stimulus s~uroe ia a cylindrical tube, 2i 
inches in diameter and 4 inches in length, supported by a 
clamp on a i inch steel rod 6 inches in height. This rod 
is fastened to a 6 by 11 inch wooden base. Inside the 
cylinder are three G. E. 6.2 V colored bulbs. These three 
bulbs, amber, red, and green, are hidden from view by a 
piece of frosted glass over the end of the cylinder. 
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Hod1r1cat1on or the reaet·1on time iaetz:ument .-.-- T9 adapt 
this instrument for use in this study, it was necessary to 
mate certain modifications. These modifications are shown in 
Figure 2 in Appendix B. The reaction time keyboard and the 
light stimulus source were fastened on a 3/4 inch plywood base 
measuring 16 inches in width and 25 inches in length. A hand 
rest was fastened in front of the keyboard. This hand rest 
consisted of two 3/4 inch piecea of wood, one place on top of 
the other. The bottom piece ••asured 7t by 13 inches, and 
the top board 4 by 13 inches. A starting point 3/4 of an 
inch wide was drawn on top or the hand rest. This point was 
l-l/8 inches in front of the m1ddle key of the keyboard. The 
distance from the starting point to the left key and right key 
was 3•1/8 inches. The subjects middle finger was placed on 
this point at the beginning of each trial. The hand rest 
standardized the starting position tor all subjects, and also 
brought the subject's hand up to the level of the keys on the 
reaction keyboard, thus eliminating ·any upward movement of the 
hand. 
A plywood shield, 18 inches in height, was placed between 
the control cabinet and the tester. This shield hid the cabi-
net and the operator's hands from the view of the person being 
tested. 
The illumination for the room during the reaction time 
test was supplied by two 60 watt non-glare bulbs. One light 
was directly behind and above the subject being tested, and 
the other light was above and to the right of the tester. 
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Reaction time test prgoe4urt.-- Three separate tests were 
used in measuring an individual's reaction time. These were: 
(1) the simple reaction time teat using one stimulus and demand-
ing one response, (2) the choice reaction time test using two 
stimuli and demanding two different responses, and (3) the dis-
criminatory reaction time teat using three stimuli and demand-
ing three different responses. 
The subject took all three tests at one sitting and each 
subject took the simple reaction time first, the choice reac-
tion ttme teat second, and the discriminatory reaction time 
test last. The test was purposely set up in this manner so 
that the subject would become increasingly familiar with the 
instrument as the tests increased in complexity. 
The subject was seated in a chair facing the reaction 
t1me keyboard. He was given a choice as to which hand he 
wanted to use, depending upon his being lett or right-handed. 
He was allowed to move the keyboard, so that when his hand 
was on the hand rest, his arm and elbow were supported by the 
table. His free hand was allowed to rest on the table, it he 
so desired. The subject was informed that if he leaned 
slightly forward, while taking the test, his reaction time 
would probably be slightly taster. The first test was then 
explained to the subject. 
Simple reaction time procedyre.-- The following instruc-
tions were given the subject before the beginning of the 
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simple reaction time test: 
"This first test is a test of simple reaction time. 
The starting position is aa you now have your hand placed, 
with the end of the middle finger in the small rectangle 
marked "start," fingers held together, heel of the hand 
touching the back of the had rest, and your arm and 
elbow touching the table. You will begin each trial, in 
this and the other tests, .trom this same position. 
In this first trial you will espond to the stimulus, 
a red light in this cylinter, by straightening out your 
fingers and depressing the center key which is directly 
in front of your hand. Depressing this key will put out 
the stimulus light and 1top the chronoscope. I will then 
record your time on the score card. 
You will return your hand to the starting position 
and get ready for the next trial. 
Before each trial I will give the verbal signal 
'ready.' On this signal get 'set• for your movement. 
The.atimulus will be preaeated to.you in varyiDf time 
intervals trom the 'rea4J' signal. Try not to Jump the 
gun.' . 
I will give you six or ·seven practice trials so that 
you may become familiar with the test, and I will inform 
you when we shall begin tae recorded trials. 
Get set on the 1 reaq' signal and do your beat." 
After six or seven practice trials, when the tester felt 
the subject was familiar with the test procedure, the reaction 
time for eleven trials was taken and recorded on the subject's 
score card. A sample score card is shown in Appendix c. 
The length of the foreperiod varied from two seconds to 
!/ . 
four seconds. Woodworth points out that readiness of the 
individual depends on the length of the foreperiod and that 
foreper1ods ranging trom two to four seconds have been estab-
lished as the optimal length. 
In this test the subjects hand moved forward only slightly. 
!fOp. cit., P• 314 
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The distance from the starting point to the response key was 
only 1-1/8 inches. To respond, the subject merely straightened 
out his fingers and depressed the key. The writer feels that 
a simple movement of this type did not give any individual an 
unfair advantage over another, because of physical condition, 
strength, etc. 
There was no device on this instrument which automatically 
prevented the subject from "jumping the gun.u It was necessary, 
therefore, for the tester to watch the subjects hand and arm 
very closely to see that they did not move until the master 
switch, which presented the stimulus and started the cbronos-
cope, had been pressed. If the hand were not in the correct 
position at this time, the tester repeated the trial without 
recording the false score. The writer felt that it was better 
to say nothing to the subject unless he persisted in making 
these premature starts. The foreperiod for each trial in the 
simple reaction time test is indicated in Table 1. 
Table 1. The length of the Foreperiod for the Eleven 
Trials in the Simple Reaction Time Test 
Number of Trial 
(1) 
1 • • • . • • • • 
2 • • • • • • • • 
3 • • • • • • • • 
4 • • . • • • • • 
5 • • • • • • • • 
6 • • • • . • • • 
7 • • • • • • • • 
8 • • • • • • • • 
9 • • • • • • • • 
10 • • • • • • • • 
11 • • • • • • • • 
Length of Foreperiod 
in Seconds 
12) 
2 
4 
2 
3 
2 
3 
4 
3 
2 
3 
4 
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CbQice reaction time pro11jMre.-- Immediately after th~ 
first reaction time test the second set of directions were 
given verbally. These directions were as follows: 
"You will now take the second reaction time test. 
The starting position is the same. In this test, how-
ever, you will disregard the center key which you have 
been using. You will now use only the key Number 1 on 
the left and key Number 2 on the right. Key Number 1 
is to be depressed when the amber light is presented. 
Key Number 3 is to be depressed when the green light 
is presented. Remember now, yellow to the left and 
green to the right." 
Keys Humber 1 ~d 3 were 3-l/8 inches from the starting 
point. This meant that the subject had to move his hand and 
arm a slightly longer distance then in the first test. The 
response still can be considered as not being difficult and 
should give no unfair advantacea to any individual. 
The subject was usually given six practice trials, unless 
it seemed necessary to give some individuals more practice. 
After the practice trials the s~bject was told that the rest 
of the trials would be recorded. 
In the choice reaction ttae test the chance of premature 
· starts was lessened because the subject learned, during the 
practice trtals, that anticipating the light and starting 
too soon often resulted in a poor trial. Most subjects soon 
conformed to the regular procedure. Table 2 shows the order 
of presentation of the stimulus color and the foreperiod. 
Table 2. The Color of the Sti.a1us and the Length of the 
Foreperiod for the Eleven Trials of the Choice 
Reaction Time Test. 
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Length of Foreperiod 
Number of Trial Stimulua Color in Seconds 
(1) (21. (3) 
-
1 • • • • • Amber • • • 3 2 • • • • • Amber • • • 4 3 • • • • • Green • • • 3 4 • • • • • Amber • • • 4 5 • • • • • Gre•n • • • 3 6 • • • • • Green • • • 2 7 • • • • • Amber • • • 3 8 • • • • • Gre•n • • • 2 9 • • • • • Green • • • 2 10 .. • • • • Amber • • • 2 11 • • • • • GreeQ • • • 4 
Discriminatory. reaction t1ae .,procedure.-- Immediately 
following the choice reaction time test the following verbal 
directions were given to the subject: 
"You will now·take the last reaction time test. In 
this teat you will use all three keys and the three lights, 
amber, red, a11d green. Kq ltwaber 1 is yellow, key Number 
2 is red, and key Number 3 is green. We will go through 
these colors only once then begin the test. You should 
be famil-iar with the keys and the colors by now, and 
additional practice would be unnecessary." 
The three colors were then presented, one at a time, and 
then the test given. .A.s in the two previous tests, a "ready" 
signal was given and then the stimulus presented. Table 3 
shows the order of presentation ~f the stimulus color and 
the length of the foreperiod for each trial. 
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Table 3. The Stimulus Color and the Length of the Foreperiod 
for the Eleven Trials of the Discriminatory Reaction 
Time Test 
Number of Trial Stimulus Color 
Length of Foreperiod 
in Seconds 
(ll (21 (3) 
1 • • • • • Red • • • • 4 
2 • • • • • Green • • • 4 3 • • • • • .Amber • • • 4 4 • • • • • Green • • • 2 5 • • • • • Aaber • • • 3 6 • • • • • .Amber • • • 3 7 • • • • 
' 
Red • • • • 4 8 • • • • • .blber • • • 2 9 • • • • • Green • • • 2 10 • • • • • Red • • • • 2 11 • • • • • Green • • • 3 
In this test the writer found very few premature move-
ments, consequently, only a few trials needed to be repeated. 
Scoring \he reaction tiae ttsts.-- The scoring of each 
of the three reaction time teats was the same. The chronoa-
cope which was marked ott to 0.01 seconds was interpolated 
to 0.002, 0.005, and 0.008 of a second for each trial. This 
interpolation was done by estimation. If the timing hand 
stopped half way between the unita of measurement on the 
chronoacope, the time was read aa o.oos. If the timing hand 
stopped between the half way point and the unit, the time was 
read as 0.002 or o.oo8 depending upon whether it was nearer 
the lower marked off unit or the higher unit. 
In each test the medi~ of the eleven readings was used 
as the subjects reaction time score. The median was used to 
determine reaction time so that any extreme trial readings, 
either fast or slow, would not affect the individual's acore 
to any great degree. 
3. Depth Perception 
1 
Depth perception apparatus.-- The instrument selected for 
measuring depth perception was the Howard-Dolman Depth Percep-
tion Apparatus. Plate Number 2 illustrates this instrument. 
Plate 2. A Close-Up View of the Howard-
Dolman Depth Perception Apparatus 
The apparatus consists of a box 24 inches long, 11-3/4 
inches wide, and 12! inches high, open at the sides and top. 
The &nd of the box nearest the subject being tested, has a 
rectangular window 3 inches high and 7i inches wide. Inside 
the instrument are two vertical black rods, one of which is 
fixed at the center of the box and the other is movable on a 
track. The two rods are 2! inches apart when they are in a 
plane perpendicular to the observer. The movable rod is 
controlled by two strings, which are placed in the subjects 
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hands at the beginning of the test. A millimet.r scale is 
set along the movable rod track. The center p~int of the 
scale, directly opposite the fixed rod, is marked o, and the 
scale ranges from 0 to 200 aa. (away from the observer) and 
trom 0 to -200 mm. (toward the observer). 
Modification of the depth perception apparatus.~~ There 
is no standardized procedure to follow concerning the light-
ing techniques to be used wi t.h the Howard-Dolman instrument. 
1/ 
Sieger studied the etteot ot variations of illumination of 
this apparatus and made certain recommendations which, if 
followed out, should increase the reliability of the instru-
ment. Sieger recommended that the inner interior and poster-
ior walls should be papered o!t-·painted white. He also recom-
mended that the light be placed 2 feet above the box and 
shaded from the subjects eyes. With these recommendations 
in mind, certain modifications were made to the Howard-Dolman 
apparatus by this writer. 
The inner interior and posterior walls were papered with 
heavy white non-gloss paper. Two 75 watt, non-glare (Verd-A-
Ray) bulbs were used for illumi~ation. One bulb was placed 
in line with the front of the box and 2 feet above. The 
other light was 1 toot to the rear of the first light, direct• 
ly over and 2 feet above the center of the apparatus. Both 
lights were shielded from the subject's eyes by a heavy black 
i)H. w. Sieger, "Variations in Illumination of the Depth Per-
ception Apparatus," Journal of 4y1ation Medicine (December, 
1944), 15:~01-~3. 
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cloth stretched over a 24 by 12 inch frame. This frame was 
firmly attached to the front of the instrument. The only illu-
mination in the testing room. while the depth perception test 
was being administered to a subject. was from the lights just 
described. There were no shadows on the instrument visible to 
the subject being tested. 
Procedure for testing depth perception.-- The test was 
explained to the subject. He was allowed to look at the 
instrument. manipulate the strings, and ask any questions 
&bout procedure. He was then seated in a chair 20 feet from 
the instrument and the following verbal directions were given: 
"You are now going to take a test which measures 
your depth perception. At the beginning of each trial, 
these two strings will be placed in your hands.· You 
will manipulate these strings so that the movable rod 
will be in the same plane as the fixed rod. When you 
feel that the rods are beside each other, say: 'Okay,' 
then drop the strings. I will record as your score 
the point on the scale where the movable rod was when 
you signified, 10k8J.• 
This same procedure will be repeated for ten trials. 
Remember, you can hit the end of the instrument with the 
movable rod only once, .and then only that end at which 
the rod is placed at the beginning of the trial. (This 
was done to prevent the subject from measuring the dis-
tance that the movable rod could travel and thereby 
estimating the mid-point or zero value.) 
During the trial, your head must be back against 
the headrest and it must not move from side-to-side." 
At the beginning of each trial the movable rod was placed 
at the extreme front end or back end of the instrument. This 
was'done with the tester standing in front of the instrument 
so that the rods were hidden from the subject's view. The 
44 
tester then picked up the strings and placed them in the sub-
ject's hands. Table Number 4 shows the position of the 
movable rod at the beginning of each of the ten trials. 
Table 4. The Position of the Movable Rod at the Beginning of 
the Ten Trials of the Depth Perception Test 
Trial Rod Position Trial Rod P-osition 
tll (2) {1) {21 
1 • • • • • • Back 6 • • • • • • Back 
2 • • • • • • Front 7 • • • • • • Front 
3 • • • • • • Back 8 • • • • • • Front 4 • • • • • • Back 9 • • • • • •• Back 5 • • • • • • Front 10 • • • • • • Front 
This procedure standardized the test for all subjects 
and allowed five trials from the front of the instrument and 
five trials from the back. 
Scoring the depth perception test.-- The ten trials taken 
by each subject were recorded on his score card. The mean of 
the trials was determined and then rounded off to the nearest 
whole mm. This number was used as the individual's depth per-
ception score. 
Originally the Howard-Dolman test used only the mean of 
l/ 5.1 
three trials. Imus increased the reliability of the 
l/C. Berens & J. Zuckerman, Diagnostic Examination of the Ere, 
Lippincott, Philadelphia, 1946. 
2/H. A. Imus, "Visual Examination of Flyers Returned from 
Combat," Journal of Aviation Medicine (February, 1948), 
19:62-93. . 
Howard-Dolman tea"t b, usi,.ur ten trials instead of three. l! -=> if 
Weymouth and Hirsch, Warren, . and others achieved the same 
results by increasing the number of trials. For this reason 
ten trials were used in this study, in the depth perception 
teat. 
4. Span of ~prehension 
The tachistoscope.-- The instrument used in span of 
ll 
apprehension test vas first suggested by Eames. A tachis-
toscope was constructed by moUDting a Number 4 Betax Wollen-
salt Shutter on a Spencer Delineoacope, Model M. c. (115 V 
60 C.Y.C. Maximum, Lamp Wattage 300). The camera shutter was 
mounted on the 5 inch objectiYe on the delineoacope by means 
ot an aluminum sleeve with outer diameter of 2i inches, and 
an inner diameter of.l•7/8 inches. The shutter threaded to 
the sleeve, and the sleeve was fastened to the projector 
objective by an adjustable set-screw. A slide carriage tor 
2 by 2 inch slides vas used on the tachistoscope. 
The shutter which could be adjusted for various exposure 
speeds was set tor a 0.2 second exposure for this study. 
Plate Number 3 shows the tachistoscope in operation. 
ifF. W. Weymouth and M. J. Hirsch, ••The Reliability of Certain 
Teats for'Determ1n1ng Distance Discrimination," American 
Journal of Psicholog (July, 1945), 58:379-390. 
i/N. A. Warren, "Comparison of Standard Tests of Depth Per-
ception," American Journal of Optometrx (January, 1940) 
17:208-211. 
l/Op. c11., P• 182. 
Plate 3. The Tachistoscope Being Used to 
Measure the Span of Apprehension 
of Two Students 
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Construction of the span test.-- The span of apprehension 
test consisted of fifty 2 by 2 inch glass slides containing 
4 to 13 black dots. Each slide was capable or being used in 
four different orientations. 
The first step in the construction of the slides was to 
haphazardly arrange ! inch red signal dots on 5 by 5 inch 
square, white cards. There were five sets of ten cards with 
the 4 to 13 dots in each set. This made five cards with 4 
dots, five cards with 5 dots, and so on up to 13 dots, or 
fifty cards in all. 
The cards were thoroughly shuffled, numbered 1 through 
50, then photographed on negative film. During the photograh-
ing the cards were reduced from a 5 by 5 inch size to a 2 by 2 
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inch size. The negatives were transposed to positive film, 
and the resuit1ng pictures mounted into 2 by 2 inch glass 
slides. Figure 1 is a drawing of four of the slides used in 
the span of apprehension test. 
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Figure 1. Four Slides from the Span of Apprehension Test 
Illustrating the Arrangement of Dots and the 
Numbering of the Slides 
The slides were then numbered in the order in which they 
had been photographed, with a white ink numeral in the upper 
• 
right hand corner of the slide• on the black tape margin. 
Slides were numbered 1 through 50. 
The slides were then turned 90 degrees to the right and 
numbered again, this time 51 through 100. Slide number 50 
became number 51 and slide number 1 ended up as number 100. 
The slides were then grouped into two piles, numbers 1 
through 25 in one pile, and numbers 26 through 50 in the 
other. The slides were again turned 90 degrees to the right, 
and beginning with pile 26-50 and following with pile 1-25, 
the slides were numbered 101 through 150. 
The slides were turned 90 degrees to the right for the 
third time, and numbered 151•200, beginning with pile 5o-26 
and ending w1 th pile 25-1. 
The above procedure made it possible to have 200 pre-
sentations in the test, using only 50 slides. Each of the 
numbers 4 to 13 was presented 20 times. 
The numbering of' the slides in the manner described 
simplified the handling of the slides during test administra-
tion, because, as the slides came from the projector and were 
arranged in a pile, they were in correct order tor representa-
tion. Also the varying order of' presentation prevented any 
individuals from memor1.zing the order of presentation. 
Plactment of span app&ratut.-- The room in which the span 
of apprehension test was given was 21 by 16 feet. A 48 by 48 
inch glass-beaded screen was huug on the front wall of the 
room. The bottom of the screen was 35 inches from the floor. 
49 
In the center of the screen was a white circular spot t inch 
in diameter. This was used as a fixation point during the 
span test. 
The tachistoscope was set on a table at a distance of 
12 feet from the screen. When the slides were projected from 
this diatanc•t th~ dots were 2 inches in diameter. 
There was a shaded light at the back of the room 21 feet 
from the screen and 8 feet up from the floor. This light was 
a 60 watt non-glare bulb. The light provided illumination for 
the answer sheets on which the subjects wrote their responses, 
and also provided for a pre-exposure field and a post-exposure 
field on the screen. 
Four chairs were placed 20 feet from the screen. The 
inner two chairs were 3 feet on either side, a spot in direct 
line with the tachistoscope and the screen. The outer two 
chairs were 6f feet on either side of the same spot. This was 
done so that the subject's view would not be obstructed by the 
tachistoscope and the operator. It was possible for as many 
as four subjects to take the test at one time, but usually 
only one or two subjects were actually tested. 
!/ 
Essentials of a good tachistoscope.-- Whipple has 
tested the essentials of a good tachistoscope as follows: 
1. The exposure must be short enough to preclude eye 
movements. 
I/G. M. Whipple, Manual of Mental and Physical Tests, Warwick 
and York, Baltimore, 1924, P• 26•. 
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2. The arrangement of the fixation mark and of the 
stimulus must be such that all constituents of the 
exposed object can be seen with at least approxi-
mately equal distinctness, e.e., the exposure field 
must coincide with the ocular field of direct 
vision. 
3. The exposure of all parts of the field should be 
simultaneous, or so nearly so that there shall be 
no noticeable time differences in the illumination 
of the various regions. 
4. Retinal adaptation must be favorable, and sudden 
transitions from light to dark must be avoided. 
5. Persistent after-images must be avoided. 
6. The duration of the retinal excitation must be 
limited enough to preclude roving of attention over 
the exposure field. 
7. A 'ready' signal must be given at an appropriate 
time before the exposure. 
The writer used the seven essentials listed above, as a 
guide in settins up the span teat procedure. The exposure 
time of 0.2 seconds was short enough to preclude any effective 
eye movements. The dots, when exposed on the 48 by 48 inch 
screen, did not actually cover more than a 36 by 36 inch area. 
Thus the exposure field was well within the-ocular field of 
the subject seated 20 feet away. 
The camera shutter allowe4 simultaneous expsure of all 
parts of the field. Sudden tr&Daitions from dark to light 
or light to dark were eliminate« by the light in the back of 
the room which kept a certain aaount of light on the screen 
before and after the exposure. Persistent after-images were 
avoided by this same post-exposure field. 
A 2 .. ··second foreperiod following a verbal 'ready' signal 
insured ~dequate readiness on the part of the subject taking 
the teat. 
Span teat procedure.-- The subjects taking the span test 
were seated in one of the four chairs described previously. 
A score sheet, with blank spacea·numbered 1 through 200, was 
given to each subject. A sample score sheet is included in 
Appendix D. Verbal direction• siven to the subjects were as 
follows: 
"Please write your naae in the upper right hand 
corner of the score sheet. This teat you are about to 
take is a test of span of apprehension or the number 
of obJects, black dots, that you can identify in a 
short exposure and accurately report. 
Two inch black dots ¥111 be presented on the 
screen against a White background. The length of the 
exposure is one-fifth of • second. 
To help you make the best score possible, I will 
give you a verbal si~al 'ready' before each slide is 
presented. At this re~' signal look at this fixa-
tion point on the screea {the spot was pointed out to 
the subjects). The dote will be grouped around this 
point. 
Exposure of the dots will follow two seconds after 
the ready signal. After the exposure, write the number 
of dots you saw exposed, in the appropriate blank on 
the score sheet. If you do not know the number of dots 
bOSGOP Unjy~rsity 
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exposed, do not guess at an answer, but, draw a dash in 
place or a numerical answer. 
We will atop tor a two minute rest at the end of 
each fifty preaentations. During this time you are to 
fold your answer sheets s.o that previously recorded 
answers are hidden before you begin the next fifty. 
I will now present a practice slide. Do not record 
this on the answer sheet. 
Remember, a ready 
and then the exposure. 
aeconds between slides 
slide was then shown). 
signal, two second foreperiod, 
You will have six to eight 
to record your answer. (Practice 
Are there any questions? 
We are now ready to begin. Do your best!" 
The span teat was then administered with the 200 presen-
tations made in the order as described previously. 
Sooring tht span of apprthp.sion test.-- The method of 
scoring the span of apprehension has varied in several studies. 
!/ 
Fernberger has suggested that the individual's apan of appre-
hension be determined by computing the statistical limen, or 
that stimulus value for which correct responses are given in 
GJ 50 per cent of the cases. Woodworth has pointed out that 
if this scoring technique was used the span of apprehension 
scores would range from 6 to 11, when dots are exposed for· 
periods of from 0.037 to 0.10 seconds. With this small range 
it would be difficult to clearly distinguish between the 
ability of different individuals. This writer felt that the 
i/S. w. Fernberger, "A Study of the Range of Visual Apprehen• 
sion," .American Journal ot Psxcl!ologx (January, 1921), 
32:121•133. 
g/Qp, git., p. 690 
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technique of assigning credit for the correct responses and 
using the total number of correct responses as the span score, 
would give a larger and more workable range of scores. The 
writer is making the assumption that if a subject get~ a 
high total score he probably has a higher span than a person 
with a low total score. This method of scoring has been used 
1/ 5/ 
by Whipple, Tinker, and others. 
Scoring keys were made, which when placed over the answer 
sheets, facilitated the counting of the correct responses. 
The value assigned to each correct response was the number of 
dots in that slide and these values were summed to get a total 
score. 
It became evident before many subjects ~ere tested that 
the range of these total scores wou~d be very large. There-
fore, to simplify the statistical treatment of scores, each 
individual's total score was divided by 10. The resul~ing 
number was rounded off to the nearest whole number and used 
as the sp~ of apprehension score. 
5. Sports Skills Tests 
Introduction.-- Besides determining if differences in 
reaction time, depth perception, and span of apprehension 
existed between individuals who participated in athletics and 
individuals who did not participate in athletics, the writer 
wanted to determine the degree of relationship between these 
psychological capacities and certain sports skills. This 
i/Op. cit., P• 282 
gjop. cit., p. 224. 
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necessitated the administration of some sports skills tests 
to groups of athletes who had taken the tests of reaction time, 
depth perception, and span of apprehension. 
These tests and the groups being tested are described in 
the following pages of this chapter. 
Soccer skills test.-- A soccer test was developed for 
this study, under the supervision of this writer, by a graduate 
assistant and the Boston University soccer coach. The purpose 
of the test was to objectively measure certain basic soccer 
skills as an index of a player's soccer ability, so far as it 
was dependent on the skills being measured. The test included 
the following four items: (1) distance kick, (2) obstacle 
dribble, (3) placement kick ror accuracy, and (4) goal kick for 
accuracy. A description of each test item and the method of 
scoring the item is given below: 
1. The distance kick: The soccer field was marked off 
every ten yards with chalk lines parallel to the 
goal lines and crossing the field from side to side. 
A soccer ball was placed on the ground on one 
of the goal lines exactly midway between the side-
lines. With a running start, of not more than 10 
yards, the player kicked the ball down the field as 
far as possible. Three kicks were taken with the 
left foot and three with the right foot. 
The kicks were measured with small markers at 
the point where the ball first struck the ground. 
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The best of the three kicks for each foot was mea-
sured to the nearest 7ard. This was done b7 measur-
ing from the flag marker to the first 1o-7ard line 
between the flag and the goal line from which the 
ball was kicked, and adding this measurement to the 
value of the yard line. 
2. The obstacle dribble: Four obstacles, wastepaper 
baskets filled with sand, were placed in a straight 
line 5 yards apart with the first obstacle 5 yards 
from the starting line, the second 10 yards from the 
start, the third 15 yards, and the fourth 20 yards 
from the starting line. The ball was placed on the 
starting line. At a 'go' signal the player dribbled 
the soccer ball (foot dribble) in and out between the 
obstacles, around the last one, in and out the obsta-
olea again and then back across the starting line. 
Time was taken from the signal 'go' to the instant 
the player (not the ball) recrossed the starting line. 
The reason for taking the time when the player crossed 
the line was to eliminate 'booting' the ball after 
passing the last obstacle. 
The best or three trials was used as the score 
or the item. 
3. Placement tor accuracr: A target of six concentric 
circles was marked ott on the field with chalk lines, 
with the center of the circle mid-way between the 
56 
sidelines on the 50.Jard line. The radii o~ the six 
circles were 1, 2, 3, 4, 5, and 6 yards. Each circle 
was assigned a numerical value from one to six, with 
the inner circle valued six and the outer circle 
valued one. A ball landing outside the 6-yard circle 
was scored zero. 
The soccer ball was placed at the sideline on 
the 50-yard line. The subject was given ~ive attempts 
at the target. To score points, the ball had to land 
in the target area on the fly. The score for the 
test item was the total number o~ points scored in 
five kicks. Highest possible score was thirty points. 
4. @qal kick for acCtuUY: The 8 by 24 foot goal was 
divided into three 8 by 8 foot areas by the use of 
two 2 by 4 inch uprights. The ball was placed on the 
ground at a point 12 yards from, and directly in ~ront 
of the goal. The pl&7er was given three kicks with 
each toot. Each kick had to go in a different section 
o~ the goal, and the player indicated which section 
he would hit with the ball before his try for the 
goal. One point was scored if the ball went through 
the section indicated. The score for the item was 
the total number of points scored. Highest possible 
score was six points. 
This four item soccer test was given to twenty-one soccer 
players at the beginning and the end of the soccer season in 
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October, 1951. The test was given on the Boston University 
soccer field, which had been marked off according to the speci-
fications described above. 
Scoring the soccer test.-- The computation of preliminary 
scores has already been indicated. The raw scores of the 
twenty one soccer players were transformed into T-scores by 
1/ 
McCall's formula: 
where 
T c 10 (X-M) S.D 
X = raw score 
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M = mean of raw scores 
S.D : Standard Deviation. 
T-scores were used because this allowed the scores of each item 
to be combined into an overall score or total score. The dis-
tribution of T-scores for the four items and the total scores 
of the soccer test are shown in Appendix E. 
Baseball skills test.-- The complexity of the skills 
involved in baseball makes any objective measurement of these 
skills an extremely difficult task. Dividing baseball into 
its basic element reveals four fundamental skills, batting, 
catching, throwing, and running. Neither batting nor catching 
lend themselves to objective measurement, at least not to any 
quick, easily administerable measure. Throwing and running, 
however, can be measured objectively. 
l)E. F. Lindquist, A First Course 1n Statistics, Houghton 
Miflin Company, Boston, 1942, p. 149. 
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A test was constructed baaed on the two skills, throw-
ing and running. The teat vas made up or the following three 
items: (1) accuracy throw, (2) distance throw, and (3) base 
running speed. A description of the teat follows: 
1. Accuracy throw (parts a and b) • 
. 
a. A target was constructed by stretching a heavy 
piece or canvas over a 5 by 5 foot frame. A 
3 foot round hole vas cut in the center or the 
canvas. The target was set up vertically on 
t.he field. 
From a distance of 90 feet in front of the 
target each player took ten consecutive throws 
with a baseball at the "bullseye." Two points 
were scored for every ball going through the 
hole, one point it the target canvas was hit 
but the ball did not go through, and zero points 
for a complete miaa. Ninety feet was used in 
this item because it is the regulation distance 
between two bases. 
b. Each player took ten additional throws from a 
distance of 127 teet in front of the target. 
This time four points were scored for each ball 
going through the hole, two points for a hit on 
the canvas, and zero points for a complete miss. 
All points scored at both distances were 
summed up for a total seore. Highest possible 
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score was sixty points. One hundred and twenty 
seven feet was used because this is the distance 
across the baseball diamond. 
2. Throw tor distapee: The throws for distance were made 
on the football field. Each player was given three 
throws from the goal line, using a run of not more 
than three steps. Flags marked the spot where each 
ball first hit the ground. The distance was measured 
from the ball to the first lQ-yard line, between the 
ball and the goal line• This distance added to the 
distance ot. the yard line from the goal, gave the 
length of the actual throw. The best throw out ot 
the three throws were averaged to get the item score. 
3. Base running speed: The test for base running speed 
was relatively simple. Each player began with one 
foot on home plate, the other behind it, and at the 
signal 'go,• rari to first base, 'rounded' the base, 
touching it as he went by, and continued to second 
base. Time was taken, with a stop-watch, from the 
signal 'go' to the moment the players foot touched 
second base. Two trials were given and the times 
averaged to give the item score. 
The baseball test described above, was administered to 
thirteen Boston University varsity baseball players in the 
Spring or 1951. These players were part of the 300 students 
who took the reaction time, depth perception, and span of 
apprehension tests. 
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§coring the bas!ba1l teat.-- The method of computing the 
raw scores of the baseball items has been indicated in the 
previous description of the teat. These raw scores were con-
verted into T-acores. This procedure has been described in 
the soccer section. 
Besides the scores on the three item baseball test, the 
writer was able to obtain batting averages during an 18 game 
schedule, for the thirteen players. These averages were also 
transtormed into T-scores and were used in combination with 
the other scores in determining baseball ability. 
Measurement of hockex a01litx.-- No acceptable hockey 
teat has been developed for college men. The writer decided 
therefore, to limit the hockey group to twenty-six varsity 
forwards and centers. It was necessary to use twelve players 
from other colleges besides Beaton University. Volunteers 
from the Varsity hockey squad• of Harvard University, North-
eastern University, Tufts College, and Massachusetts Insti-
tute of Technology were meaaured for reaction time, depth 
perception, and span of apprehension. 
The writer used, as a measure of hockey ability, the 
average number of goals and assiats per game made by each 
player over one season of play. The number of goals and 
assists made by each pl~er w .. added, then divided by the 
number of games in which the player had engaged. This average 
number.of points per game was uaed as his hockey ability i;ndex. 
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The writer felt that, because these players played in 
the same league and played approximately the same number of 
games, the points per game index vas a fairly valid measure 
of each player's offensive hock•y ability. 
The basketball skills teat.-- The Knox basketball skills 
teat, reviewed in a previous chapter, was administered to 
fifteen Boston University varsity basketball players. The 
test was given near the end of the basketball season in 
January, 1952, during practice sessions. The varsity basket-
ball coach and a graduate ·assistant aided in the administra-
tion of the tests. The basketball test contained the follow-
ing items: 
1. Wall Bounce: A regulation basketball was bounced, by 
each player, against a wall (front wall of a handball 
court) from a distance o'f 7i feet, as rapidly as pos-
sible for 15 times in succession. Time was taken 
from the signal 'go' to the instant the player caught 
the fifteenth bounce. The best of two trials was· 
used as the item score. 
2. Speed dribble: An obstacle course was laid out on the 
sideline of the b•aketball court. One end of the 
sideline was considered as the starting line. Four 
chairs, used as obstacles, were placed along the 
sideline at distances from the starting line of 20, 
35, 50, and 65 feet. 
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At a signal 'go' the player dribbled a regula-
tion basketball as fast as he could in and out be-
tween the obstacles, around the last one at 65 feet, 
and back again to the starting line. Time was taken 
from the signal 'go' until the player recrossed the 
starting line. The best or two trials ~as used as 
the score. 
3. Dribble and shoot: The same course used in the dribble 
speed test was used in this item. However, a movable 
backboard with basket was placed 10 feet beyond the 
last obstacle, at a distance of 75 feet from the 
starting line. The player being tested dribbled the 
ball as before, but instead of rounding the last 
obstacle, he continued on to the basket, took a 'lay-
up' shot, recovered the ball, and returned by the 
same in and out course to the starting line. Time 
was taken from the signal 'go' until the player 
recrossed the starting line. The best of two trials 
was used as the item score. 
4. Cup reaction test: Two 6-toot lines were drawn paral-
lel to a starting line. The first line was 12 feet, 
and the second was 20 feet from the starting line. 
Three brightly colored tin cups, one red, one white 
and one blue were placed on the line 20 feet from the 
start. The white cup was placed on the middle of the 
line. The red cup was placed 3 feet to the left or 
this middle cup and the blue cup was placed 3 feet 
to the right. 
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The player. holding a penny in one hand. stood 
on the starting line with his back to the cups. At 
a signal 'go' he whirled and started running toward 
the cups. When he was at the 12-foot line the tester 
called out one of the three colors. The player con-
tinued on and placed the coin in the designated cup. 
Time was taken from the signal 1 go 1 to the sound of 
the coin being placed in the cup. 
In order that the player could not anticipate 
the color being called. it was necessary to repeat 
the test three times in the following order: (1) 
blue. red, and wh~te, (2) white, blue and red, 
(3) red. white, and blue. The speed of the first 
two colors in each of the three trials was recorded. 
This gave two timings for each color. The fastest 
of the two timings tor each color were added together 
to give the test item score. 
Soaring the basketball tett.-- The scoring of the basket• 
ball test was relatively simple. All of the items in the test 
were timed items, measured in 0.1 seconds with a stop-watch. 
To compute the test score it vas necessary only to add the 
recorded times. for each of the four items to get the total 
test score. There was no need to convert the item scores 
into T-scores as had been done with the soccer items and the 
bateball items. 
CHAPTER IV 
PRESENTATION AND ANALYSIS OF DATA 
1. Differences Between the Study Groups 
Introduction.~- The purpose of the study was to deter-
mine whether differences existed between the three study 
!I 
groups in reaction time, depth perception, and span of 
apprehension. The writer began with these null-hypotheses: 
1. There are no significant differences between athletes, 
intermediate athletes and non-athletes in reaction 
time. 
2. There are no significant differences between athletes, 
intermediate athletes and non-athletes in depth per-
ception. 
3. There are no significant differences between athletes, 
intermediate athletes, and non-athletes in span of 
apprehension. 
In addition, the writer investigated the relationship be-
tween certain sports skills and reaction time, depth percep-
tion, and span of apprehension. This investigation was begun 
with these null-hypotheses: 
1. There is no relationship between reaction time and 
i/Study groups refers to the three groups studied, namely: 
(1) the athletic group, (2) the intermediate athletic group, 
and (3) the non-athletic group. 
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sports skills ability. 
2. There is no relationship between depth perception 
and sports skills ability. 
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3. There is no relationship between span of apprehen-
sion and sports skills ability. 
Statistical techniques.-- The procedures followed in this 
study produced five psychological capacity tests; three in 
reaction time, one in depth perception, and one in span of 
apprehension. With the completion of the administration of 
these tests, there were available data for 300 students, di-
vided equally into the three study groups. These data are 
presented in raw score form in Appendix E. 
The analysis of variance (F-ratio) and the critical ratio 
(T-ratio) were the principal statistical tools used to deter-
mine whether differences existed in the psychological capacity 
tests between the three study groups. In addition, a correla-
tional technique, the Pearson product-moment r, was used to 
determine: (1) the relationship of the psychological capacities 
and sports skills ability, and (2) the reliability of the 
psychological capacity tests. 
The analysis of variance.-- The method known as analysis 
of variance is a technique designed to determine if signifi• 
cant differences exist between sets of measurements. The 
problem in this study is to determine whether these sets of 
data, the three study groups, are sufficiently homogeneous to 
be regarded as belonging to the same population. 
states: 
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l/ 
Guilford. 
"Fisher's test of significance in connection with 
his analysis of variance is designed precisely to tell 
us whether sets of data are sufficiently different from 
one another for us to reJect the hypothesis that they 
arose by random sampling from the same population." 
2/ 
The procedure described by Guilford was used to obtain 
two distinct estimates of th~ population variance, one derived 
from the "within" sum ·of squares (deviation within sets) and 
the other from the nbetween" sum of squares (deviation between 
sets). In making these estimate~ it was necessary to find the 
degrees of freedom for the two estimate~ ·or pupulation variance, 
and the sum of squares tor between sets and within sets. 
Degrees of freedom were determined for between sets by 
taking the number of sets (3)minus one degree of freedom 
yielding 2 degrees of freedom between sets. Within each set, 
from which the within sum is derived, there is one mean from 
which we lose k (number of sets) degrees of freedom. With 
the formula k (n-1) we get 3(10D-l) or 297 degrees ~f free-
dom within sets. 
The between sum of squares ( 11[ d 1. ) was derived by the 
jjJ. P. Guilford, Fundamental Statistics in Psycholosy and 
Education, McGraw-Hill Book Company, New York, 1950, p. 232. 
g/Ibid., PP• 234•236. 
1/ 
formula (10.5):-
where n = number of observations in each 
rt.x>-= total sum of scores squared 
tt~= total sum of scores 
M-t = total mean. 
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set 
The within sum of squares (~X~) was ·calculated by the 
following formula (10.6): 
where r_(r_ )('• 
r:Q:X)l.a 
total sum of squares 
total sum of scores squared 
l'l : number of observations in each set. 
The two estimates of variance were then obtained by 
dividing (1) the between sum of variance by the number of 
degrees of freedom between sets, and (2) the within sum of 
equares by the number of degrees of freedom within sets. 
Tables 5, 6, 7, 8, and 9 show the estimates of variance for 
the five psychological capacity tests. 
i/A.ll formulae used in the analysis of variance technique are 
from J.P. Guilford, Op. cit., pp. 234-236. 
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The significance of the F-ratios, the ratio between the 
two estimates of variance, was determined by reference to 
1/ 
Snecdor's table. The F ratios and their level of signifi-
cance are also given in Tables 5, 6, 7, 8, and 9. 
Table 5. The Total Variance in the Simple Reaction Time Data 
Subdivided into Two Components 
Degree Level of 
Compo- of Sum of Signifi-
nents Freed on Squares Variance IF' canoe 
_lll l21 l3} l41 {'3} l61 
Between 
Sets • • 2 139,851.76 69,925.88 
Within 
Sets • • 297 372,568.54 1,254.44 55.16 .01 
Total. • 299 512,420.30 
Table 6, The Total Variance in the Choice Reaction Time Data 
Subdivided into Two Components 
Degree Level of 
Compo- of Sum of Signifi-
nents Freedom Squares Variance 'F I canoe 
(l) (2) (3) (4) (5) (6) 
Between 
Sets • • 2 212,392.90 106,196.45 Within 
Sets • • 297 898,131.16 3,024.01 35.12 -o1 
Total. • 299 1,110,524.06 
i/J. P. Guilford, Op. cit., (Table F., Appendix B). 
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Table 7. The Total Variance in Discriminatory Reaction Time 
Data Subdivided into Two Components 
Degree Level of 
Compo- of Sum of Signifi-
nents Freedom Squares Variance 'F' _canoe 
(1) (2) (3) (4) ('5) (6) 
Between 
Sets • • 2 254,837.36 127,418.68 Within 
Sets • • 297 1,083,646.64 3,648.64 34.92 .01 
·Total. • 299 1,338.484.00 
Table 8. The Total Variance in Depth Perception Data Sub-
divided into Two Components 
Degree Level of 
Compo- of Sum of Signifi-
nents Freedom Squares Variance 'F' canoe 
(1) (2) (3) {4) (5J (6) 
Between 
Sets • • 2 8,555.21 4,277.61 Within 
Sets •• 297 73,094.39 246.11 17.38 .01 
Total. • 299 81,649.60 
Table 9. The Total Variance in Span of Apprhension Data 
Subdivided into Two Components 
Degree Level of 
Compo- of Sum of Signifi-
nents Freedom Squares Variance 'F' canoe (1) _{2} w (4} .l5J (6 J 
Between 
Sets •• 2 5,499.54 2,749.77 
Within 
Sets • • 297 78,396.23 263.96 10.42 .01 
Total. • 299 83,895.77 
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The implications of the F ratios.-- An inspection of the 
F ratios and their levels of significance, presented in Tables 
5 through 9, reveals that all of the F ratios are large enough 
to be significant at greater than the 1 per cent level of 
confi¢1ence; i.e., the odds are more than 1 to 99 that F's as 
large could have occurred in a homogenous population. The F 
ratio for the simple reaction time data is 55.76, for choice 
reaction time data it is 35.12, and for discriminatory reaction 
time it is 34.92. The F ratios for the depth perception data 
and the span of apprehension data are 17.38 and 10.42 respec-
tively. 
The obtained F's can be regarded as very significant and 
it is, therefore, logical to conclude that there are signifi-
cant differences among the three study groups in each of the 
psychological capacity tests used in this study. 
Determination of critical ratios.-- Following the analysis 
of variance, which provided an overall estimate of the signi-
ficance of the differences, separate tests of the difference 
between pairs of groups were made using critical ratio. The 
1/ 
critical ratios were determined by the formula (9:30):-
T= 
where M. - mean of sample one 
-
1\i),. = mean of sample two 
6'clht. standard error of a difference between 
uncorrelated means. 
i/J. P. Guilford, Op. cit., p. 214 
7:1 
The means for each of the three groups in the five tests 
had been determined previously in the analysis of variance and 
they are shown in Table 10. The standard error of the means 
1/ 
(6"c{tn) was computed by the formula (9.29): 
6d'l'l) = 
where C1M1 = standard error of the mean of sample one 
6Ma. = standard error of the mean of sample two. 
To arrive at these standard errors it was necessary to 
find the standard deviations (6 ). These standard deviations 
are presented in Table 10, and were determined by the formula 
gj 
( 5.12): 
6 = _!_VN([X 2) - (r:.xt· 
"' where N = number of subjects in group 
'"z • £-" sum of squares 
r~ v.,l.-~~- sum of scores squared. 
The standard error ((fM,) of each mean was determined by 
"i/ 
the following formula: 
where 
\J N 
• standard deviation 
N number of cases in distribution. 
l/J. P. Guilford, Op. cit., P• 213 
£/Ibid., p. 105 
"i/Ibid. , p. 182 
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Having found the standard error of each mean it was pos-
sible to compute the values of the standard error of the means 
being compared by the formula given on the previous page. This 
value was then used with the means in computing the T-ratios 
which along with their levels of significance are presented 
in Tables 11, 12, 13, 14, and 15. The levels of significance 
1/ 
were determined from Snecdor's T ratio table. 
Table 10. The Means and Standard Deviations on the Psycholo-
gical Capacity Teats for the 300 Students Divided 
Equally into Three Study Groups 
llthletio Intermediate Non-Athletic 
Grou'D GroH'D ,., .:rs. 
Variable Mean 6 Mean '15 Mean ($ 
(1) (2) (3) C4J (5) (6) (7) 
Simple Reac-
tion Time, 
msec. • • 290.01 26.74 310.87 32.46 343.36 44.24 
Choice Reac-
tion Time, 
msec. • • 441.92 47.98 459.28 49.68 504.94 64.89 
Dis crimina-
tory Reaction 
Time,msec. 486.26 53.71 513.16 51.93 556.98 72.49 
Depth Percep-
tion, mm. 18.89 13.52 20.22 10.95 30.84 20.69 
Span of Appre1-
hension, dots It 81.35 14.58 77.96 13.10 71.06 19.99 
A study of the means presented in Table 10 reveals that 
the athletic group excelled in each of the psychological 
capacity tests while the non-athletic group was inferior to 
i/J. P. Guilford, Op. cit., TableD, p. 609. 
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both the athletic group and the intermediate group in all the 
tests. In the simple reaction time test the athletic group 
had a mean reaction time of 290.01 msec., faster than the 
mean of 310.87 msec. for the intermediate group and the mean 
of 343.36 msec. for the non-athletic group. The mean reaction 
time test was 441.92 msec. This was faster than the inter-
mediate group's mean of 459.28 msec. and the mean of 504.94 
msec. for the non-athletic group. The athletes showed the 
same superiority in discriminatory reaction time having a 
mean of 486.26 msec. compared with the intermediate group's 
mean of 513.16 msec. and the non-athletic group's mean of 
556.98 msec. 
In the depth perception test the athletes excelled with 
a mean score of 18.89 mm., the intermediate group was next 
with a mean of 20.22 mm., and the non-athletic group was 
last with a mean score of 30.84 mm. 
The mean score of the athletic group in the span of 
apprehension test was 81.35, whereas the mean score of the 
intermediate group was 77.96 and 71.06 the mean score of the 
non-athletic group. In the span test, as in the other tests, 
the athletic group was superior to the intermediate and the 
non-athletic group. 
Table 11. Critical Ratios and Their Level of Significance 
Between the Three Study Groups in Simple Reaction 
Time 
Critical Level of 
Groups Ratio Significance 
_{ll {21 {3} 
Athletes vs Non-Athletes • • • • • • 10.15 .001 Athletes vs Intermediate Athletes. • 4.75 .001 Intermediate Athletes vs Non-Athletes 5.92 .001 
Table 12. Critical Ratios and Their Level of Significance 
Between the Three Study Groups in Choice Reaction 
Time 
Critical Level of 
Groups Ratio Significance 
llJ (2) (3 J 
Athletes vs Non-Athletes • • • • • • 7.80 .001 Athletes vs Intermediate Athletes. • 2.51 .02 Intermediate Athletes vs Non-Athletes 5.58 .001 
Table 13. Critical Ratios and Their Level of Significance 
Between the Three Study Groups in Discriminatory 
Reaction Time 
!Critical Level of 
GrouJ;>s Ratio Si@ificance 
lll {2) {3} 
Athletes vs Non-Athletes • • • • • • 7.83 .001 Athletes vs Intermediate Athletes. • 3.33 .001 
Intermediate Athletes vs Non-Athletes 4.82 .001 
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Table 14. Critical Ratios and Their Level of Significance 
Between the Three Study Groups in Depth Perception 
Critical Level of 
· Grouos Ratio Silimificance 
ll) (2) (3} 
Athletes vs Non-Athletes • • • • • • 4.83 .001 Athletes vs Intermediate Athletes. • 1.33 Rejected at 
.02 
Intermediate Athletes vs Non-Athletes 4.53 .001 
Table 15. Critical Ratios and Their Level of Significance 
Between the Three Study Groups in Span of Apprehen-
sion 
Critical Level of 
Grouos Ratio Si&alificance (l) (2) (3) 
Athletes vs Non-Athletes • • • • • • 4.15 .001 
Athletes vs Intermediate Athletes. • 1.73 Rejected at 
.02 
Intermediate Athletes vs Non-Athletes 2.88 .001 
The implications of the T ratios.-- It can be seen from 
Tables ll through 15 that most of the critical ratios between 
the means are significant at the .ool level of confidence 
and that in most instances the null-hypotheses that there are 
no significant differences between the groups can·be rejected. 
Table 11 shows that there is a significant difference at 
the .001 level of confidence in simple reaction time between 
athletes and non-athletes, between athletes and intermediate 
athletes, and between inte~ediate athletes and non-athletes. 
Table 13 shows that significant differences at the .001 level 
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were found in.discriminatory reaction time between these same 
groups. 
An inspection of the critical ratios in Table 12 shows 
that significant differences, at the .001 level of confidence, 
in choice reaction time exist between athletes and non-athletes. 
The difference found between athletes and intermediate athletes 
is, however, significant at the .02 level. 
The critical ratios for depth perception are presented 
in Table 14. The differences between athletes and non-ath-
letes and between intermediate athletes and non-athletes in 
depth perception are significant at the .001 level, and the 
null-hypothea~s that no differences exist between these groups 
can be rejected. The difference in depth perception between 
the athletes and intermediate athletes in this study is not 
significant, at the .02 level. The null-hypothesis that no 
differences exist in depth perception between these two 
groups cannot, therefore, be rejected at the same level of 
confidence as the others. 
From Table 15 it can be seen that the same situation 
prevails with the span of apprehension test as does with the 
depth perception test. The differences· between athletes and 
non-athletes and between intermediate athletes and non-athletes 
are significant at the .001 level. The null-hypothesis that 
no significant differences exist in span of apprehension 
between these groups can be rejected. If we compare the 
• 
athletes and intermediate athletes in the span of apprehension 
test we find the critical ratio is not significant at the .02 
level, and the null-hypothesis that no differences exist be-
tween athletes and intermediate athletes in span of apprehen~ 
sion cannot be rejected. 
2. Relationship of the Psychological 
Capacity Tests to Sports Skills 
Soccer ability and the psychological capacity tests.--
A soccer ability test was given to twenty-one varsity soccer 
players in order to find the relationship between soccer 
ability and the five psychological capacity tests used in this 
study. The soccer ability test raw scores and their corres-
p.onding T-scores are shown in Table 25 in' Appendix J.. 
To investigate the null-hypothesis that no relationship 
I 
exists between reaction time, depth perception, span of appre-
hension and soccer ability, the writer computed the Pearson 
product-moment coefficients of correlation between the various 
sets of measures from the raw scores on the psychological 
capacity tests and the T-score values on the soccer ability 
1/ 
test by the following formula (22): 
r"'Y • 
where a raw score in the X distribution 
mean of the X scores 
the standard deviation of the X distribution 
and Y, My, and y have a similar meaning. 
l)E. F. Lindquist, A First Course in Statistics, Houghton-
Mifflin Company, Boston, 1942, p. 167. 
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The steps in the computation of the coefficients are: 
1. Compute the mean and standard deviation of each set 
of measures. (These are shown in Table 16). 
2. Secure the product of the two raw scores for each 
individual, add the products and divide by N, the 
number of cases. 
3. Subtract from the mean of these products the pro-
duct of the means of the two distributions. 
4. Divide the result by the product of the two stan-
dard deviations. 
The coefficients of correlation computed by this process 
are shown in Table 17. 
Table 16. Means and Standard Deviations of the Five Psycholo-
gical Capacity Tests and the Soccer Skills Test for 
21 Varsity Soccer Pl&Jers 
Variable Mean 6 
(1) (2) {3) 
Simple Reaction Time • • • • • • • • • • 304.86 27.85 Choice Reaction Time • • • • • • • • • • 447.00 42.05 Discriminatory Reaction Time • • • • • • 524.14 67.02 Depth Perception • • • • • • • • • • • • 21.29 12.84 Span of Apprehension • • • • • • • • • • 78.81 18.89 Soccer Skills Test • • • • • • • • • • • 249.98 25.54 
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Table 17. Pearson Product-Moment Coefficients of Correlation 
Between the Soccer Skills Test and the Five Psycho-
logical Capacity Teats for 21 Varsity Soccer Players 
Variable 
(1) 
Simple Reaction Time • • • • • • • 
Choice Reaction Time • • • • • • • 
Discriminatory Reaction Time • • • 
Depth Perception • • • • • • • • • 
Span of Apprehension • • • • • • • 
Coefficient of Correlation 
(21 
+·205 
+.286 
+.477 
+ .184 
1-·347 
Baseball ability and the psychological capacity tests.--
The coefficients of correlation for thirteen varsity baseball 
players were determined, in the same manner as described pre-
viously, between the psychological capacity tests and the 
baseball ability score. The baseball ability raw scores and 
their corresponding T-scores are shown in Table 26 in Appen-
dix A. The means and standard deviations needed to compute 
the coefficients of correlation are given in Table 18, and 
the coefficients of correlation between the psychological 
capacity tests and the baseball ability score are presented 
in Table 19. 
Table 18. Means and Standard Deviations of the Five Psycho-
logical Capacity Teats and the Baseball Skills Test 
for 13 Varsity Baseball Players 
Variable Mean cJ 
llJ l2J l3 J 
Simple Reaction Time • • • • • • • • • • 286.53 17.81 Choice Reaction Time • • • • • • • • • • 465.77 52.14 Discriminatory Reaction Time • • • • • • 494.23 52.32 Depth Perception • • • • • • • • • • • • 21.30 20.10 Span of A~~rehension • • • • • • • • • • 76.00 14.88 Baseball ills Test • • • • • • • • • • 253.09 15.76 
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Table 19. Pearson Product-Moment Coefficients of Correlation 
Between the Baseball Skills Test and the Five Psy-
chological Capacity Tests for 13 Varsity Baseball 
Players 
Variable 
(1) 
Simple Reaction Time •••• •••·• 
Choice Reaction Time • • • • • • • 
Discriminatory J'{eaction Time • • • 
Depth Percept-ion • • • • • • • • • 
Span of Apprehension • • • • • • • 
Coefficient of Correlation 
(2) 
+.198 
+.496 
+·041 
-.075 
+.106 
Hockey ability and the psychological capacity tests.--
Table 27, in Appendix A, shows the raw scores used in com-
puting the coefficients of correlation between the psycholo-
gical capacity tests and the hockey ability score for twenty-
six varsity hockey players at Boston University and neighbor-
ing colleges. 
The means and standard deviations are presented in Table 
20 and the coefficients of correlation are given in Table 21. 
Table 20. Means and Standard Deviations of the Five Psycholo-
gical Capacity Tests and the Hockey Ability Score 
for 26 Varsity Hockey Players 
Variable Mean 6 
(1) (2) (3) 
Simple Reaction Time • • • • • • • • • • 291.92 31.41 Choice Reaction Time • • • • • • • • • • 424.62 45.13 
Discriminatory Reaction Time • • • • • • 468.65 49.16 Depth Perception • • • • • • • • • • • • 17.69 12.46 Span of Apprehension • • • • • • • • • • 78.19 13.16 Hockey Ability Score • • • • • • • • • • 1.16 .67 
8:1 
Table 21. Pearson Product-Moment Coefficients of Correlation 
Between the Hockey Ability Score and the Five 
Psychological Tests for 26 Varsity Hockey Players 
Variable 
(1) 
Simple Reaction Time • • • • 
Choiee Reaction Time • • • • 
Discriminatory Reaction Time 
Depth Perception • • • • • • 
Span of Apprehension • • • • 
• • 
• • 
• • 
• • 
• • 
Coefficient of Correlation 
.(2) 
...... 398 
..... ·330 
+.134 
-.172 
+.019 
Basketball ability apd th§ psychological capacity tests.--
The coefficients of correlations were determined between the 
psychological capacity tests and a basketball skills test for 
fifteen varsity basketball pl&lers. The raw score data for 
the basketball tests are presented in Table 28 in Appendix A. 
The means and standard deviations needed to compute the corre-
lations, in the manner described previously, are given in 
Table 22. The coefficients of correlation are presented in 
Table 23. 
Table 22. Means and Standard Deviations of the Five Psycholo-
gical Capacity Tests and the Basketball Skills Test 
for 15 Varsity Basketball Players 
Variable Mean a 
(1) (2) (3) 
Simple Reaction Time • • • • • • • • • • 289.00 22.67 Choice Reaction Time • • • • • • • • • • 466.30 47.59 Discriminatory Reaction Time • • • • • • 516.30 49.92 Depth Perception • • • • • • • • • • • • 11.70 4.25 Span of Apprehension • • • • • • • • • • 79.30 11.02 
Basketball Skills Test • • • • • • • • • 33.30 1.31 
82 
Table 23. Pearson Product-Moment Coefficients of Correlation 
Between the Basketball Skills Teet and the Five 
Psychological Tests for 15 Varsity Basketball 
Players 
Variable 
(1} 
Simple Reaction Time • • • • • • • 
Choice Reaction Time • • • • • • • 
Discriminatory Reaction Time • • • 
Depth Perception • • • • • • • • • 
Span of Apprehension • • • • • • • 
Coefficient of Correlation 
+-395 
-.230 
+-262 
+.366 
+.124 
The significance of the coe.tficients of correlation 
between the skills teste and the psychologiCal capacity tests.--
An inspection of Tables 17, 19, 21, and 23 reveals that the 
coefficients of correlation between the psychological capacity 
test scores and the sports ability teste scores range from 
-.230 to +.496. Only two of the coefficients of correlation 
could be considered significant, according to the Wallace and 
.!I Snecdor tables, and then only at the .05 level of confidence. 
These two correlations are the T•477 found between discrimina-
tory reaction time and soccer skill, and the -t-.395 found be-
tween simple reaction time and hockey skill. Testing the eig• 
nificance of correlation with probability statistics is not a 
wholly valid technique since it cannot be assumed that corre-
lation coefficients distribute themselves in a normal fashion. 
Nevertheless, the author tested the significance of the coeffi-
ciente of correlation in order to have some expression, however 
limited, of the significance of the findings. 
1/J. P. Guilford, Op. cit., p. 609. 
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The writer began this. investigation with the following 
null-hypotheses: 
1. There is no significant relationship between an 
individual's reaction time and his ability in 
soccer, baseball, hockey or basketball. 
2. There is no significant relationship between an 
individual's depth perception and his ability in 
soccer, baseball, hockey·, or basketball. 
3. · There is no significant relationship between an 
individual's span of apprehension and his ability 
in soccer, baseball, hookey or basketball. 
These null-hypotheses, stated above, cannot be rejected 
at the .05 level of confidence on the basis of the reported 
correlations. 
The following hypotheses, that there are no significant 
relationships between discriminatory reaction time and soccer 
ability and between simple reaction time and hockey ability, 
could be rejected at the .05 level of confidence. This would 
mean that the probability of being wrong in this rejection is 
5 chances in 100. The .05 level does not constitute a very 
high level of confidence for rejecting a null-hypothesis, 
especially with such small numbers of oases as were used in 
this investigation. 
Reliability of the psychological capacity tests.-- An 
estimate of reliability has been determined for the five psy~ 
chological capacity tests by means of Pearson product•moment 
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coefficients of correlation between chance halves and the 
Spearman Brown Prophecy formula. 11 
The method used for obtaining 'chance halves' for each 
of the three reaction time tests was the same. Each test had 
eleven trials, but for ease of handling the scores, the first 
score was not used in estimating reliability. The last ten 
scores were then divided into chance halves by letting the 
median of the odd numbered scores constitute one half and 
the median of the even numbered scores the other. The Pear• 
son product-moment coefficient of co·rrelation between the 
halves was computed. 
An estimation of the reliability of the whole test was 
made by means of the Spearman Brown Prophecy Formula given 
below: 
where 
2.r 
t + r 
~~ ~ estimated reliability of the test 
- correlation between scores on the chance 
halves. 
The chance halves of the depth perception test were 
determined by letting the mean of the five odd-numbered scores 
constitute one half and the mean of the five even-numbered 
scores constitute the other. The estimate of reliability for 
the depth perception test was then found by the same technique 
used with the reaction time tests. 
!)E. F. Lindquist, Op. cit., p. 218. 
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An estimate of reliability vas made for the span of appre• 
hension test from split halves. This test was constructed so 
that the second half of the test was actually a !epetition of 
the·first half. The coefficient of correlation between the 
halves was computed and an estimation of reliability was 
determined by the Spearman Brown formula described previously. 
The estimates of reliability for the tests of reaction 
time, depth perception, and span of apprehension are presented 
in Table 24. 
All of these estimates of reliability were determined 
from 100 cases randomly selected from the total number of 300 
cases. In each of the three study groups, athletes, interme~ 
diate athletes, and non-athletes, the cases were numbered 1 
through 100. Every third case, or 33 cases from each group, 
was selected for this reliability check. One additional case 
was added from the intermediate group making a total of 100 
cases from which the estimates of reliability were derived. 
Table 24. The Estimates of Reliability of the Five Psycholo-
gical Capacity Tests Computed by the Spearman Brown 
Prophecy Formula from the Pearson Product-Moment· ~ .• 
Coefficients of Correlation Between the Chance Halves 
Correlation Estimate of 
Psychological Test Between Halves Reliability 
(1) (2) (3) 
Simple Reaction Time • • • • + .882 +.936 Choice Reaction Time • • • • + .588 +.740 Discriminatory Reaction Time + .592 +.743 
Depth Perception • • • • • • + .807 +-893 Span of Apprehension • • • • t -731 +.844 
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An inspection of Table 24 presenting the estimates of 
reliability for the psychological capacity tests reveals that 
the highest reliability was .936 for the test of simple reac-
tion time. A reliability of .740 was found for the choice 
reaction time test and one of .743 for the discriminatory 
reaction time test. 
The reliability of .893 obtained in this study for the 
depth perception test was higher than many of the previously 
reported estimates of reliability using the Howard-Dolman 
apparatus. 
An estimation of reliability ~f .844 was found for the 
span of apprehension test. 
CHAPTER V 
RESULTS OF THE STUDY 
1. Findings 
Summary of the study.-- The purpose of this study as 
stated, was to determine whether significant differences in 
reaction time, depth perception, and span of apprehension 
existed between groups of college athletes and non-athletes. 
A secondary purpose of the study was to investigate the 
relationship between reaction time, depth perception, span of 
apprehension, and ability in soccer, baseball, -hockey, and 
basketball. 
To carry out these purposes, a battery of five psycho-
logical capacity tests was administered to 300 male college 
students at Boston University. These 300 students were 
11 divided into three study groups of 100 students each. 
These groups were classified as: {1) athletes, {2) interme-
diate athletes, and {3) non-athletes. 
The psychological capacity test battery which was used 
in this investigation consisted of three reaction time tests, 
one depth perception test and one span of apprehension test. 
The Stoelting Visual Reaction Timer was used to measure 
speed of hand response to a light stimulus in each of the 
1/The three study groups are described in detail in Chapter 
III. 
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three reaction time tests. These tests were classified as 
follows: (1) a 'simple' reaction time test, demanding one 
response to one stimulus, (2) a 'choice' reaction time test 
demanding a choice between two responses to two stimuli and 
(3) a 'discriminatory' reaction time test demanding a choice 
between three responses to three stimuli. Each reaction 
time test had eleven trials and the median of the eleven 
scores indicated the subject's test score. 
The Howard-Dolman Depth Perception Apparatus was used 
to measure the depth perception of the 300 subjects in the 
study. The mean of ten trials on the apparatus was used as 
each subject's depth perception score. 
A.series of 200 exposures o~ black dots projected on a 
white background comprised the span of apprehension test. 
Fifty 2 by 2 inch glass slides, containing from 4 to 13 hap-
hazardly arranged dots, and capable of being shown in four 
different orientations, were proJected on a 48 by 48 inch 
screen with a tachistoscope. The exposure time was 0.2 
seconds and the total test used 200 exposures, twenty each 
for e·ach number of dots 4 to 13. The total number of dots 
correctly reported was divided by 10 and the result used as 
the span of apprehension score. 
In order to· determine the relationship between the psy-
chological capacities and certain sport's skills, it was 
necessary to administer, in addition to the psychological 
tests, a soccer skills test to 21 varsity soccer players, a 
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baseball skills test to 13 varsity baseball players, and a 
basketball skills test to 15 varsity basketball players. As 
an index of the hockey ability of 26 varsity hockey forwards, 
the writer used the percentage of goals and assists made per 
game. This information came from official game scoring books. 
The principal statistical tools used to analyze the dif-
ferences between the three study groups were the analysis of 
variance and the critical ratio techniques. Coefficients of 
correlation were used to determine the relationship between 
the five psychological capacity tests and ability in the 
various athletic skills. 
Conclusions of the study.-- The writer began the investi-
gation with the null-hypothes that no significant differences 
existed in reaction time~ depth perception, and span of appre-
hension between the three study groups of athletes, interme-
diate athletes and non-athletes. It became evident, through 
the use of analysis of variance technique, that significant 
differences in the psychological capacity tests did exist 
between the groups and the null-hypotheses therefore, could 
be rejected. 
The analysis of variance of the data for each of the five 
psychological tests revealed that the obtained F ratios were 
large enough to be considered significant at the .01 level of 
confidence, and it is logical to conclude that in the 300 
students studied, significant differences in reaction time, 
depth perception, and span of apprehension exist between the 
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groups o~ athletes, intermediate athletes and non-athletes. 
A further determination of differences in the groups 
investigated was made by the critical ratio technique. From 
an analysis of the results, the writer presents the following 
conclusions for the 300 subjects investigated in this study: 
1. The mean of 290.01 for the athletic group in the 
simple reaction time t·est is significantly faster, 
at the .001 level of confidence, than the mean of 
310.87 for the intermediate group and the mean o~ 
343.36 for the non-athletic group. The difference 
between the mean of the intermediate group and the 
mean of the non-athletic group is also significant 
at the .001 level. 
2. The mean of 441.92 for the athletic group in the 
choice reaction time test is significantly faster, 
at the .001 level of confidence, than the mean of 
459.28 for the intermediate group and the mean of 
504.94 for the non-athletic group. The difference 
between the means of the intermediate and non-ath-
letic groups is significant at the .001 level. 
3. The athletic group's mean of 486.26 is significantly 
faster than the non-athletic group's mean of 556.98 
in the discriminatory reaction time test. The inter• 
mediate group's mean of 513.16 is also significantly 
faster than the non-athletic group's mean. Both of 
these differences are significant at the .001 level 
9~ 
of confidence. 
There is a significant difference between the 
mean of the athletic group and the mean of the inter-
mediate group at the .02 level of confidence. 
4. The athletic group with a mean of 18.89 is signifi-
cantly better in the depth perception test than the 
non-athletic group with a mean of 30.84. The inter-
mediate group's mean of 20.22 is also significantly 
better, at the .001 level, than the mean of the non• 
athletic group. 
The score of the athletic group is better than 
that of the intermediate group in the depth percep-
tion test, but the difference between the two groups 
is not significant at the .05 level. 
5. In the span of apprehension test the mean score of 
81.35 for the athletic group is significantly better, 
at the .001 level of confidence, than the mean score 
of 71.06 for the non•athletic group. The mean score 
of 77.96 for the intermediate athletic group is also 
significantly better at the .001 level, than the 
mean score of the non-athletic group. 
There is a less significant difference between 
the mean score of the athletic group and the inter-
mediate group. The athletic group had the higher 
mean score, but the difference is not significant 
at the .05 level of confidence. 
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The writer computed Pearson product-moment coefficients 
of correlation between the psychological capacity tests and 
the sports skills tests in soccer, baseball, hockey, and bas-
ketball. The correlations ranged from -.230 to .496, and of 
twenty correlations, only two were significant at the .05 level 
of confidence. 
The assumption, however, that no relationship exists be-
tween the psychological test scores and the sports ability 
scores need not be accepted. Even though the correlations 
are not highly significant, most of them showed a positive 
relationship between the variables being investigated in this 
study. No basis for prediction from any single variable used 
in this study can be established from these correlations, but 
some relationship is indicated between reaction time, depth 
perception, span of apprehension and certain skills of soccer, 
baseball, hockey, and basketball. 
2. Limitations 
Limiting fagtors in the atugy.-- There are certain limita-
tions which have been recognized by the writer as factors 
which may have influenced the outcome of this investigation. 
The study was limited, with a very few exceptions, to male 
college students at Boston University. No claim is made by 
the writer that this institution is representative of all such 
institutions throughout the country and the results may have 
been different if the group investigated had been randomly 
selected from many universities. The method of soliciting 
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volunteers for this study does not guarantee that the students 
used are representative of the total student body at Boston 
University, although the writer believes that a fairly repre-
sentative sample was obtained. 
The method of setting up the three study groups may be 
challenged by some because the writer has arbitrarily defined 
an athlete, an intermediate athlete, and a non-athlete. Some 
precedent for these definitions was, however, indicated in the 
literature dealing with athletics. It should be noted that 
the group classified as an intermediate group was probably more 
like the athletic group than the non-athletic group. A group 
of intramural athletes with no varsity or junior varsity ex-
perience would have been desirable but circumstances made this 
type of selection unpracticable. If the intermediate group 
had fallen exactly half-way between the athletes and non-ath-
letes in athletic ability, some of the less significant dif-
ferences might have been more significant. 
Another recognized limitation of this study is the method 
of measuring sports skills. Tests which may have doubtful 
validity or reliability were used because of the lack of 
acceptable skills tests for college men. Few tests are avail-
able for measuring the more complex type of team sports, 
similar to those being investigated in this study. The small 
groups used for investigating the relationship between the 
psychological capacity tests and the athletic skills tests 
also were limiting factors, and undoubtedly affected the 
obtained coefficients of correlation. However, other 
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investigators have found that there are many factors important 
to the successfUl performance of complex motor skills. It is 
doubtful, therefore, that any one factor would be sufficiently 
important to give a high correlation with ability in a par-
ticular sport. 
Recommendations for future research.-- The results of 
this study have indicated, to the writer, that certain psycho-
logical capacities may have some influence on success in per-
forming certain motor skills. One of these psychological 
capacities, reaction time, has been investigated in the past 
and its importance to successful participation in athletics 
is fairly well established. Further investigation of its 
importance to specific skills and sports is needed. 
The other two psychological capacities, depth perception, 
and span of apprehension, offer an opportunity for a great 
deal of research. This study is the first, to the writer's 
knowledge, which has attempted to investigate the relation-
ship of the span of apprehension with athletic motor skill, 
and certainly the results of the study indicate an area of 
research which may in the future prove fruitful. 
The tests used to measure choice reaction time, discrim-
inatory reaction time and span of apprehension need considerable 
refinement before they can be completely accepted, and many 
opportunities are presented here for those individuals who 
are interested in this type of experimental psychology. 
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The need for skills tests, which will objectively mea-
sure athletic ability of male athletes, has been indicated 
by a review of' such test literature. Good skills tests must 
be made available before any conclusive investigation can be 
made concerning the relationship between psychological fac-
tors and athletic ability. 
In conclusion, the writer, recognizing the limitations 
regarding the small number of' cases and the restricted geo-
graphical area involved in this study, recommends that other 
investigations similar to this one be made on larger groups 
in other locations. 
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Table 25. Raw Scores in the Psychological Capacity Tests 
for 21 Varsity Soccer Players 
Simple Choice Discriminatory Depth Span of 
Reaction Reaction Reaction per- Appre-
Case Time Time Time ception hension 
No. in msec. in msec. in msec. in mm. in do-ts 
{ll ~21 t~ l {4l ~5l r6~ ' I o 
1 320 430 468 9 113 
2 300 542 615 7 77 
3 349 510 605 16 72 
4 310 475 502 9 94 
5 336 462 560 15 82 
6 312 432 510 39 29 
7 300 400 420 35 98 
8 328 420 525 12 87 
9 310 400 470 23 67 
10 330 435 515 14 79 
11 275 400 490 38 82 
12 230 435 430 30 31 
13 316 415 518 15 84 
14 284 420 572 20 83 
15 320 395 592 40 80 
16 292 410 500 13 73 
17 320 520 615 12 79 
18 275 495 542 56 100 
19 342 454 550 13 90 
20 265 452 540 16 81 
21 288 485 538 15 74 
1_03 
Table 26. T-Scores in the Soccer Skills Test for 21 Varsity 
Soccer Players 
Distance Distance Total 
Case Kick Kick Goal Corner Obstacle T 
No. Right Left Kick Kick Kick Score 
{ll ~21 L~ l (4l {51 r6l trl 
1 58 55 53 65 63 294 
2 49 49 53 33.5 52 237·5 
3 66.5 49 42 49 49 256.5 
4 30 55 53 45 70 253 
5 53 63 53 59.5 33.5 262 
6 38 33.5 53 56.5 52 233 
7 58 55 53 53 59 278 
8 43 70 53 53 63 282 
9 66.5 55 53 58 44 276.5 
10 49 42.5 53 49 44 237.5 
11 53 63 53 53 59 281 
12 58 55 42 49 47.5 251.5 
13 62 49 53 62 33.5 259.5 
14 49 45 35·5 53 39.5 222 
15 45 41.5 35.5 45 49 216 
16 42 42.5 42 40 44 209.5 
17 38 30 53 40 44 205 
18 38 33.5 53 40 55 219.5 
19 55 49 53 70 52 279 
20 49 59.5 35·5 45 56.5 245.5 
21 49 49 70 33.5 39.5 251 
1_04 
Table 27. Raw Scores in the Psychological Capacity Tests 
for 13 Varsity Baseball Players 
Simple Choice Discriminatory Depth Span of 
Reaction Reaction Reaction ~er- l.ppre-
Case Time Time Time caption hension ·· · 
No. in msec. in msec. in msec. in mm. in dots 
r1l r2l L~ l ~4i (sl r6l 
1 300 440 530 17 74 
2 275 415 460 14 65 
3 305 460 475 12 85 
4 285 480 500 52 61 
6 265 385 460 14 92 
6 285 460 440 80 76 
7 290 560 610 6 82 
8 300 470 475 14 52 
9 260 385 430 12 94 
10 310 450 460 19 79 
11 255 510 475 16 68 
12 285 550 585 8 56 
13 310 490 525 13 104 
Table 28. T-Scores in the Baseball Skills Test for 13 Varsity 
Baseball Players 
Dis- Total 
Case Accuracy tance Base Batting Fielding T 
No. Throw Throw Run Average Average Score 
~ll ~2l L~ l ~4i ~si ~6i tli 
1 34.40 34.48 47.88 45.07 47.33 209.16 
2 37.43 54.83 43.05 52.98 59.66 247.95 
3 46.52 45.17 69.61 59.76 33.22 254.28 
4 46.52 58.27 61.15 44.55 56.73 267.22 
5 60.15 55.86 46.67 50.82 50.00 263.50 
6 54.09 46.56 46.67 51.75 53.56 252.63 
7 51.06 59.31 55.12 40.75 61.43 267.67 
8 54.09 44.83 40.63 43.22 58.01 240.78 
9 43.49 53.10 43.05 73.52 48.73 261.89 
10 41.97 71.37 53-91 43.22 61.43 271.90 
11 48.04 48.63 61.15 38.90 51.65 248.37 
12 66.21 32.76 58.74 64.08 39.20 260.99 
13 62.57 49.66 61.15 40.75 29.67 243.80 
1_05 
Table 29. Raw Scores in the Psychological Capacity Tests and 
the Hockey Skills Score for 26 Varsity Hockey Players 
Simple Choice Discrim-
Reac- Reac- ina tory Depth Span of JAI 
tion tion Reaction Per- Appre- Hockey 
Case Time Time Time ception hension Skills 
No. in msec. in msec. in msec. in mm. in dots Score 
{ll ~2l c~ l {4l {:!l {6l {11 
1 330 470 500 37 78 1.66 
2 370 490 520 8 68 .66 
3 330 460 420 10 62 .11 
4 350 440 510 14 81 .22 
5 330 510 530 16 88 .44 
6 270 340 360 16 87 .61 
7 350 430 590 62 87 1.28 
8 250 370 410 11 88 1.00 
9 270 400 400 11 92 1.13 
10 270 350 480 9 78 2.00 
11 260 450 500 17 47 1.17 
12 270 480 510 19 80 1.10 
13 300 465 470 10 88 o.oo 
14 280 395 450 18 71 1.40 
15 300 460 470 9 102 .90 
16 290 430 460 6 92 .95 
17 260 410 410 8 90 2.00 
18 290 410 450 16 81 2.74 
19 280 410 460 10 81 1.85 
20 270 450 450 19 79 2.04 
21 270 400 450 29 68 2.21 
22 265 370 490 15 59 1.00 
23 270 345 395 12 48 1.20 
24 290 410 475 41 88 1.08 
25 280 420 520 29 80 .79 
26 295 475 505 8 70 .63 
§:/Average number of points (goals and assists) per game. 
1_06 
Table 30. Raw Scores in the Psychological Capacity Tests for 
15 Varsity Basketball Players 
Simple Choice Discriminatory Depth Span of 
Reaction Reaction Reaction Per- Appre-
Case Time Time Time caption hension 
No. in msec. in msec. in msec. in mm. in dots 
~ll ~2~ ~2l ~4l ~5l ~6l 
1 300 540 545 19 92 
2 305 470 470 7 77 
3 290 475 490 13 77 
4 320 500 600 11 64 
5 285 485 480 4 58 
6 260 385 430 12 94 
7 270 540 510 9 67 
8 290 360 495 14 91 
9 320 500 580 3 84 
10 320 470 590 11 70 
11 245 430 470 15 89 
12 285 480 580 16 79 
13 290 470 510 15 88 
14 255 440 475 14 70 
15 300 450 520 12 89 
!1:.1 
Table 31. Basketball Skills Test Scores for 15 Varsity 
Basketball Players 
Total 
Case Wall Cup-Reaction Speed Dribble Skills 
No. Bounce Time Trials Dribble Shoot Score 
1 2 3 
{ll ~2l ~2l ~4l ~51 ~61 tzl ~8l 
1 8.0 2.3 2.4 2.1 9.3 9.0 33.1 
2 8.3 2.3 2.2 2.3 9.8 8.7 33.6 
3 6.8 2.3 2 12 ,. 2.3 9.8 8.7 30.8 
4 8.0 2.1 2.0 2.2 8.4 8.3 31.0 
5 8.5 2.3 2.1 2.2 10.0 9.3 34.4 
6 7.8 2.5 2.4 2.3 10.3 10.3 33.6 
7 9.0 2.4 2.4 2.1 9.8 9.3 35.0 
8 7.7 2.2 2.2 2.2 9.2 9.0 32.5 
9 8.2 2.5 2.5 2.4 9.5 9.7 34.8 10 7.4 2.1 2.2 2.2 8.2 8.2 30.3 
11 8.2 2.3 2.2 2.3 9.4 9.3 33.7 
12 8.1 2.4 2.3 2.4 9.6 9.2 34.0 
13 8.3 2.3 2.4 2.4 9.8 9.8 35.3 
14 8.2 2.5 2.4 2.3 10.0 9.3 34.7 
15 7.9 2.3 2.2 2.2 9.3 9.0 32.9 
,!/All scores reported in seconds. 
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Figure 2. The Reaction Time Apparatus Showing the Approximate 
Locations of the Light Stimulus Source, Keyboard 
and Handrest on the Plywood Base · 
APPENDIX 0 
An Illustration of the Score Card 
used for Recording Test Data 
Name: 
Address: 
Height: 
High School 
Varsity 
J. v. 
Other 
Intramural 
College 
Varsity 
J. v. 
Minor 
Intramural 
Age 
Weight 
Athletic Background 
Hobby 
Reverse side: 
. 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
REACTION TIME 
Simple Choice D1scr1m • 
Depth 
Perception 
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Sex 
School 
Span of 
Apprehension 
APPENDIX D 
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t• Span of Apprehension Score Sheet 
i 
•.. .............., 
Name ,. 
1. 26. 51. . 76. 101. 126. 151. 176. 
2. 27. 52. 77. 102. 127e 152~ 177. 
.3. 28. 53. 78. 103. 128 • 153. 17$. 
4· 29. 54 .. 79. 104. 129. 154. 179. 
5. 30 .. 55. SOo 105. 130. 155. 1$0. 
6. 31. 56. S1. 106. 131. 156. 1$1. 
7. 32. 57. $2 .. 107. 132. 157. 1$2 •. 
8. 33. 5$. $3. lOS. 133 .. i5S. l$3. 
9. 34. 59. S4. 109. 134~ 159. 1$4. 
10. .35. 60. S5~ 110 • 135. 160. 1$5. 
11. 36. 61. $6. 1llo 136. 16lo 1$6. 
12. 37. 62. $7. 112 .. 137. 162. l$7. 
13. 3$. . 63. ss. 113. 13$. 163. 1SS • 
14. 39. 64. 89. 114. 139. 164. 1$9. 
15. 40. 65 .. 90c 1l~.! .. 140. .. 165_~ -190_ • 
16. 41. 66. 91. 116. 141. 166. 191. 
17. 42. 67. 92. 117. 142. 167. 192. 
1S. 43. 6$. 93. 118. 143. 16$. 193. 
19. 44· 69,. 94. 119. 144· 169. 194· 
20. 45. 70. 95. 120. 145. 170. 195. 
21. 46. 71. 96. 121. . 146. 171. 196. 
22. 47. 72. 97. 122. 147. 172. 197. 
2). 4$. 73. 9$. >.-'123 .. 
--' 
14$. 173. 198. 
24~ 49. 74. 99. 124,. . 149. 174. 199. 
. ) 
~25. 50. 75. 100. 125. 150. 175. 200. 
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Table 32. Raw f)cores in the PaJchologioal Capacity Tests 
:f'or the 100 SUbjeeter'1n the Athletic Group 
Simple .J3ho1~e Diaorainatory Span of 
Reaction Reaction Reaction Depth Apprehension 
Case Time Time 1'1me Perception number o:f' 
No. in maee. in maec. in ••ec •. in mm. dots 10 
tll {~l ~3' '4l t~l Iel 
1 270 430 470 24' 87 
2 270 370 440 21 91 
3 260 465 470 10 111 
4 295 460 515' 28 74 
5 245 425 47.0 34 78 
6 265 450 450 9 82 
7 280 495 515 22 110 
8 285 465 48'0 19 74 
9 300 490 480 55 53 
10 270 510 580 11 77 
u 230 380 430 4 84 
12 320 400 480 15 82 
10 260 440 510 11 90 
14 260 370 360 8 62 
15 285 420 430 17 88 
16 250 395 420 25 95 
11 275' 415 460 14 65 
18 300 440 530 17 74 
19 . 285 460 440 80 76 
20 300 470 475 14 52 
21 265 385 460 14 92 
22 305 460 475 12 85 
23 255 510 475 16 68 
24 290· 560 610 6 82 
25 310 450 460 19 79 
26 285 550 585 8 56 
27 310 490 525 13 104 
28 285 510 570 13 82 
29 285 480 500 52 so 
30 320 480 5,0 12 70 
(continued on next page) 
Table 32. (continued) 
Simple Choice 
Reaction Reaction 
Case Time Time 
'g in msec. in msec. :1~ t2l t~ ~ 
31 300 385 
32 310 400 
33 300 400 
34 330 435 
35 275 400 
36 348 510 
37 • 312 432 
38 310 475 
39 335 462 
40 315 415 
41 328 420 
42 320 430 
43 265 370 
44 280 395 
45 270 345 
46 270 400 
47 260 450 
48 370 490 
49 275 410 
50 270 400 
51 330 510 
52 300 465 
53 270 350 
54 350 440 
55 290 410 
56 270 450 
57 260 410 
58 250 370 
59 270 340 
60 270 480 
61 290 410 
62 290 430 
63 330 470 
64 350 430 
65 330 460 
Discriminatory 
Reaction Depth 
Time Perception 
in maec. in mm. 
l!~ {2l 
/480 42 
470 23 
420 35 
515 14 
490 38 
605 16 
510 39 
502 8 
560 15 
518 15 
525 12 
468 9 
490 15 
450 18 
395 12 
450 29 
500 17 
520 8 
390 6 
400 11 
530 16 
470 10 
480 9 
510 14 
475 41 
450 19 
410 8 
410 11 
360 16 
510 19 
450 16 
460 6 
500 37 
590 62 
420 10 
(concluded on next page) 
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Span of 
Apprehension 
number or 
dots 10 
{lil 
83 
67 
98 
79 
82 
72 
59 
94 
82 
84 
87 
113 
59 
71 
48 
68 
47 
68 
120 
92 
88 
88 
78 
81 
88 
79 
90 
88 
87 
80 
81 
92 
78 
87 
62 
112 
Table 32. 
(concluded) 
Simple Choice Discriminatory Span or 
Reaction Reaction Reaction Depth Apprehension 
Case Time Time T-ime Perception number of 
No. in msec. in maec. in me•e. in mm. dots 10 
lll t~l t~l I!~ l!2~ {o~ 
66· 280 420 520 29 80 
67 300 460 470 9 102 
66 280 410 460 10 81 
69 310 490 1160 29 55 
70 290 440 460 17 94 
71 305 . 512 548 16 77 
72 298 482 590 12 110 
73 285 370 400 17 99 
74 240 398 505 69 63 
75 300 480 480 11 96 
76 285 460 470 7 109 
77 310 430 560 31 103 
:·?a 290 525 540 20 65 
79 280 460 440 27 72 
80 305 435 . 590 31 75 
81 300 490 505 30 88 
82 275 400 420 8 90 
83 300 390 560 20 85 
84 330 505 4:55 24 89 
85 320 410 405 8 78 
86 245 410 485 18 69 
87 320 408 -495 15 79 
88 320 500 580 3 84 
89 290 475 490 13 77 
90 320 470 590 11 70 
91 290 360 495 14 91 
92 255 440 475 14 70 
93 305 470 470 7 77 
94 300 540 545 19 92 
95 260 385 430 12 94 
96 245 430 490 15 89 
97 300 450 520 12 89 
98 270 540 510 9 67 
99 295 475 505 8 70 
100 285 398 450 15 103 
:113 
Table 33. Raw Scores in the Psychological Capacity Tests 
for the 100 Subjects in the Intermediate Group 
Simple Choice Discriminatory Span of 
Reaction Reaction ·Reaction Depth .Apprehension 
Case Time Time Time Perception number of 
No. in msec. in msec. in maec. in mm. dots 10 
rq ~2~ ~2l ~!~ ~5~ ~0~ 
1 275 410 450 19 74 
2 340 400 540. 9 67 
3 350 440 510 7 80 
4 335 490 470 16 96 
5 270 340 440 20 94 
6 330 470 550 8 88 
7 310 490 460 11 54 
8 305 535 590 9 74 
9 290 515 510 7 81 
10 320 440 495 52 98 
11 340 490 550 36 43 
12 270 460 390 14 76 
13 370 440 485 17 67 
14 310 440 565 17 88 
15 315 560 540 19 87 
16 380 500 520 12 51 
17 300 405 470 15 93 
18 342 535 450 22 68 
19 315 490 505 5 84 
20 288 395 460 10 82 
21 310 480 555 15 100 
22 260 395 535 10 60 
23 310 400 490 10 69 
24 305 455 495 21 87 
25 330 410 488 15 68 
26 300 400 450 23 80 
27 360 550 660 16 77 
28 310 420 460 23 55 
29 360 550 550 22 78 
30 280 450 430 18 82 
(continued on next page) 
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Table 33. (continued) 
Simple Choice Dis·crimblatory Sp~ of 
Reaction Reaction Reaction Depth Apprehension 
Case Time Time Tiae Perception number of 
No. in msec. in msec. 1n maec. in mm. dots 10 
tll ~21 ~21 P+l t~l F>l 
31 385 450 515 25 70 
32 340 480 550 28 94 
33 260 455 470 30 80 
34 270 405 465 14 59 
35 310 475 505 9 84 
36 290 450 560 22 79 
37 300 405 532 15 69 
38 330 555 585 11 108 
39 310 450 460 14 67 
40 385 515 510 12 105 
41 300 405 510 20 61 
42 360 395 475 19 85 
43 410 495 565 16 97 
44 355 525 540 43 67 
45 260 470 480 14 78 
46 300 450 530 26 79 
47 255 385 470 15 80 
48 300 410 470 15 73 
49 300 430 550 18 94 
50 340 502 512 45 77 
51 325 430 575 44 56 
52 300 510 550 37 88 
53 300 490 480 19 75 
54 330 480 515 14 74 
55 290 420 500 30 70 
56 330 580 640 44 68 
57 290 440 460 20 93 
58 325 '498 420 38 64 
59 300 510 550 17 91 
60 325 420 555 36 87 
61 285 540 605 25 84 
62 360 490 540 18 81 
63 340 550 632 12 73 
64 310 510 455 13 106 
65 325 420 495 15 83 
(concluded on next page) 
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'fable 33 · (concluded) 
Simple Choice Discriminatory Span.of 
Reaction Reaction Reaction Depth Apprehension 
Case 'f1me Time Time :Perception number of 
No. in msec. in maec. in maec~ in mm. dots 10 
lll l~l t~l t~:l [~l Hil 
66 290 472 525 13 81 
67 342 454 550 13 90 
68 320 520 615 12 79 
69 320 395 592 40 80 
70 288 485 538 15 74 
7l 275 495 540 56 100 
72 265 452 548 16 80 
73 292 410 500 14 73 
74 230 435 430 30 81 
75 284 420 572 20 83 
76 335 500 520 34 107 
77 328 440 502 11 86 
78 310 480 540 18 68 
79 280 460 490 45 72 
80 375 460 520 30 69 
81 310 475 510 20 64 
82 330 485 530 23 82 
83 348 455 420 10 65 
84 310 450 470 13 76 
85 310 425 470 9 73 
86 280 400 485 24 76 
87 310 490 510 27 82 
88 305 400 410 39 49 
89 315 460 575 14 67 
90 280 320 560 24 76 
91 310 500 550 26 54 
92 310 495 440 20 77 
93 280 400 485 8 81 
94 250 430 475 ll 87 
95 290 390 490 40 75 
96 260 390 495 10 100 
97 320 500 600 ll 64 
98 290 470 510 15 88 
99 285 480 580 16 79 
100 285 485 480 4 58 
116 
Table 34. Raw Scores in the Psychological Capacity Tests for 
the 100 Subjects in the Non-Athletic Group 
Simple Choice Discriminatory Span of 
Case Reaction Reaction Reaction Depth Apprehension 
No. Time Time Time Perception number of 
in msec. in meec. in maec. in mm. dots 10 
[ll [2] t~] t~l {51 [e>l 
1 300 420 500 34 56 
2 300 460 510 9 94 
3 285 390 505 16 58 
4 272 360 480 13 97 
5 350 625 650 48 61 
6 365 570 565 37 62 
7 255 525 600 49 49 
8 285 470 520 30 96 
9 310' 525 530 50 89 
10 330 355 395 28 63 
11 360 500 520 12 101 
12 290 528 518 28 58 
13. 385 490 550 86 72 
14 398 485 510 22 55 
15 340 400 400 17 48 
16 442 610 625 26 46 
17 335 505 580 31 45 
18 290 495 480 15 77 
19 360 485 520 33 79 
20 390 590 630 9 57 
21 335 520 680 19 52 
22 360 450 580 13 96 
23 385 550 730 14 76 
24 375 495 49.0 19 77 
25 330 470 500 18 76 
26 310 510 590 13 54 
27 305 420 540 37 85 
28 482 670 705 16 81 
29 400 590 590 53 70 
30 420 570 620 14 33 
(continued on next page) 
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Table 34. 
(continued) 
Simple Choice Discriminatory Span of 
Reaction Reaction Reaction Depth Apprehension 
Case Time Time Time Perception number of 
No. in msec. in msec. in maec. in mm. dots 10 
Ll: l t2l t~l [!l [~l [E>l 
31 360 570 580 11 108 
32 350 550 500 55 30 
33 320 490 540 80 45 
34 290 530 550 75 63 
35 280 400 400 26 85 
36 440 520 540 8 54 
37 405 615 630 38 74 
38 398 510 540 22 43 
39 315 450 485 10 79 
40 370 485 590 48 91 
41· 380 480 580 71 67 
42 350 450 510 10 88 
43 355 515 690 52 36 
44 310 510 650 49 84 
45 305 430 470 55 86 
46 280 515 575 16 65 
47 415 545 620 17 22 
48 370 545 570 44 79 
49 330 510 535 10 59 
50 285 455 485 28 94 
51 275 440 430 22 51 
52 320 500 525 18 94 
53 282 398 500 20 109 
54 310 575 720 20 95 
55 418 610 600 47 57 
56 350 470 560 34 105 
57 360 460 560 6 72 
58 375 560 615 26 71 
59 380 570 640 14 67 
60 312 465 575 25 53 
61 345 495 525 45 73 62 340 510 540 52 72 
63 365 580 600 32 61 
64 375 605 645 14 62 
65 380 520 520 26 63 
(concluded on next page) 
Table 34. (concluded) 
Simple Choice 
Reaction Reaction 
Oaae Time Time 
No. in msec. in maec. 
tll ~2] ~Sl 
66 320 450 
67 340 550 
68 360 560 
69 320 420 
70 365 598 
71 282 465 
72 420 600 
73 330 535 
74 365 570 
75 335 455 
76 320 485 
77 320 480 
78 370 480 
79 410 510 
80 420 640 
81 375 480 
82 325 495 
83 300 510 
84 300 370 
85. 305 450 
86 290 515 
87 340 550 
88 370 620 
89 290 475 
90 280 475 
91 320 390 
92 330 505 
93 335 405 
94 360 535 
95 375 580 
96 365 4'60 
97 360 570 
98 310 510 
99 285 435 
100 '345 500 
t18 
Discriminatory Span of 
Reaction Depth Apprehension 
Time Perception number of 
in maec. in mm. dots 10 
l!l ~51 ~2] 
470 66 57 
560 104 44 
605 17 74 
570 11 78 
570 23 81 
~0 14 115 
790 25 71 
560 21 72 
615 26 99 
460 30 100 
620 36 77 
500 29 84 
510 28 43 
585 21 70 
605 77 63 
620 106 23 
590 14 72 
660 17 54 
450 17 66 
580 21 96 
520 10 63 
660 30 47 
610 35 68 
630 32 62 
480 21 46 
480 23 81 
. 515 16 81 1
·470 21 110 
510 67 70 
600 35 102 
450 26 78 
570 65 73 
560 24 102 
530 25 68 
505 16 96 
